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1. INTRODUCTION

Presented herein is the Site Quality Assurance Project Plan (QAPP) for the sampling event to be
conducted at the Sweet Kleen Laundry site by the Region II Removal Support Team 2 (RST 2).
The site QAPP has been developed at the request of the U.S. Environmental Protection Agency
(EPA) in accordance with the RST 2 generic Quality Assurance Project Plan (QAPP).

This plan is baséd on information currently available and may be modified on-site in light of
field screening results and othet acquired information. All deviations from the QAPP will be
- noted in the Sampling Trip Report.

2. PROJECT DESCRIPTION

The Sweet Kleen Laundry site is located in Buffalo, Erie County, New York, and was the former
location of a commercial dry cleaner which utilized. Perchloroethylene in the dry cleaning
- process. Founded in 1925, Sweet Kleen Laundry operated a commercial laundry business on the
2-acre site until 1990’s when they abandoned the facility. The property was acquired by the City
of Buffalo through a process known as “in-rem” for vacant properties. The City of Buffalo and
the New York State Department of Environmental Conservation (NYDEC) later requested
EPA’s assistance in conducting a cleanup at the site. : ' _

EPA completed Phase 1 of the cleanup in 2005, which included the demolition of a 100 foot
chimney and the _removal_ of on-site buildings, asbestos and 50 drums of waste products and
electrical transformers. Also, during this cleanup phase, soil contaminated with
perchloroethylene was excavated from a small section of the site and disposed of at an off-site
disposal facility. ' : ‘

On August 21, 2007 and June 19, 2008, RST 2 collected one passive soil gas sample from the
existing soil vapor mitigation system located at the Sweet Kleen Laundry Site using a summa
canister with a 24-hour passive flow controller and pressure regulator. The sample was
submitted for volatile organic compounds analysis via EPA Method TO-15. RST 2 has been
tasked by the OSC to collect one additional soil gas sample from the existing soil vapor
mitigation system located at the Sweet Kleen Laundry Site. The soil gas sample will be tested
for volatile organic compounds via EPA Method TO-15.

3. PROJECT ORGANIZATION AND RESPONSIBILITIES

The EPA On-Scene Coordinator (OSC), Kevin Matheis will provide overall direction to the staff
concerning project sampling needs, objectives, and schedule. The Site Project Manager (SPM),
Sayed Igbal, will be the primary point of contact with the OSC. The SPM is responsible for the
development and completion of the Sampling QA/QC Plan, project team organization, and
supervision of all project tasks, including reporting and deliverables. The Site QC Coordinator
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will be responsible for ensuririg field adherence to the QA/QC Plan and recording of any
deviation. The RST 2 Chemist/QA/QC Specialist, Smita Sumbaly, will be the primary project
team site contact with the subcontracted laboratory. -

Laboratory services will be procured by RST 2 if, Region 2 is unable to secure analytical
services through the Region 2 DESA Laboratory, Contract Laboratory Program (CLP), or the
‘ region-specified special analytical sefvice (non-RAS) contract.

RST 2 will arrange for the CLP/Non-CLP laboratory analyses and transfer custody of the soil gas
sample for shipment to the appropriate laboratory. The preliminary data from the non-CLP
laboratory will be provided in Excel format and a hard copy package to the RST 2 for data
- -validation. The samples analyzed by EPA’s Contract Laboratory Program will be validated by
- EPA’s Environmental Services Assistance Team (ESAT). RST 2 will receive the data for data .
management purposes and report preparation. »

The following-smnpling personnel will work on this project:

Personnel _ v Responsibility
Sayed Igbal ' Project Manager, Field Coordinator, Site QA/QC,

Sample Collection and Management

The following laboratory will provide the éﬂalyses indicated:

Atmospheric Analysis & C ing, Inc.
1534 Eastman Ave., Suite A o
Ventura, CA 93003 Soil gas (Summa Canister) | VOCs
Contact Name: Marcus Hueppe

Contact Phone No.: (805) 650-1642 -

Tumardund'time of 14 déys for verbal an4d‘ 21 days for written has been requ‘ested.by th_e OSC.
4. DATA USE OBJECTIVES, QA OBJECTIVES

In addition to the following, the data used objéctives, QA objectives proceduré will be conducted
in accordance with Sections A7, B2, B4, and B5 of the Region I1 RST 2 QAPP.

The objective -of this sampling everit is to monitor the efficiency of the passive Soil ‘Vapor
‘Extraction (SVE) system. The analytical data will be used to assess the level of volatile organic
~compounds (VOCs) being emitted by the SVE. ’ :

41 DATAQA OBJECTIVES

The overall quality assurance (QA) objective for chemical measurement data associated with this




sampling event is to provide analytical fesults that are legally defensible in 4 court of law. The
QA program Will inCOfporate quality coﬁtr‘ol (QC) pr'oced'ures fOr ﬁ‘eld s‘ampling, chaiﬁ-of—

The EPA On-Scene Coordinator (OSC) has _sp'emﬁed a critical level of QA of screening data
with definitive confirmation for the site. Details of this QA level follow.

42 QA OBJECTIVES

As delineated in the Uniform_Federal Policy for Quality Assurance Project Plans, Part 2B:
Ouality Assurance/Quality Control Non-Time Critical QA/OC_Activities, the following
fequireients apply to the respectlve QA objectives and parameters. 1dent1ﬁed

The QA protocols for Screening Data, without confirmation have limited use, specifically for:
Emergencies, Health and Safety screening using (e.g. Multi Rae, OVM, Jerome Mercury...etc.).
The Field Screening Data objective samphng events are applicable to all sample matrices and
inchude:

1. Sémple Documentation (location, date and time collected, batch, etc.). |
2. Description of equipment and instrumentation
3.~ Sample documentation in the form of field logbooks, appropriate field data sheets,

and chain-of-custody (when appropriate) records and procedures for field sampling
management (e.g.;.sample locatlon transport, storage, sample collection methods and
shipping procedure) . :

~ 4, Calibration of all momtonng and/or field-portable analytical equlpment prior to
collection and analyses of samples with results and/or performance check
procedures/methods summarized and documented in a field, personal and/or
instrument log notebook.

5. Analyte(s) identification

6.  Field or laboratory determined method detection limits (MDLs) will be recorded
' along with correspondmg analytical sample results, where appropriate.

7. Initial and cont_muous instrument calibration data.

For Screening Data with Definitive Confirmation Objective:

The QA protocols for a screening data with deﬁmtlve confifmation QA Ob]CCtIVG sampling event
are applicable to all sample matrices and include: /




All QA requirements listed above and:

8. Analytical error determination (Measure the precision of the analytical method,
replicate and standard laboratory QC parameters, method -specific requirements
- specified in the QAPP).
9. Definitive Confirmation (At least 10 péréent of the screeniﬁg data must be confirmed
with definitive data)

Definitive identification - confirm the identification of analytes on 100% of the “critical” _
samples, via an EPA-approved method; provide documentation such as gas chromatograms,
mass spectra, etc.

The objective of this project/event applies to the following parameters: |

Table 1

Quality Assurance Objectives

Determine the presence, absence
and concentration of volatile
organic.compounds in the SVE

system air

Screening data
with definitive
confirmation

VOCs Soil gas

A Field Samphng Summary is attached in Table 2 and a QA/QC Analysis and Objectives
Summary is attached in Table 3. Subsection 5.1, Sampling Design, prov1des information on
analyses to be performed on the individual air sample




Table 2

_Field Sampling Summary

- Analytical R
Parameters Matrix
Soil Vapor Mitigation | 1- 6 L Summa
VOCs System (Air) Canister

' Holding time from date of sampling.

® Only required if non-dedicated sampling equipment to be used. NR - not required; dedicated samplmg equipment to be used.
* Not required for screening data with definitive confirmation QA objectives

N/A — Not Applicable

Refer to Attachment B for a list of EPA/ERT SOPs to be used.

\

QA/QC Analysis and O,bj-éctives Summary.

Table 3

Analytical Parameters -

VOCs

Soil Gas

EPA Method TO-15

A Screening data
with definitive
confirmation

As per method

Note: CLP-format deliverables required for all data packages



5. APPROACH AND SAMPLING PROCEDURES

In addition to the following, the approach and sampling procedures will be conducted in
accordance with Sections B1 and B4 of the Region II RST 2 QAPP.

The following sampling activities will be conducted at the former Sweet Kleen Laundry Site:

e Soil Gas Sampling

This sampling design is based on information currentiy available and may be modified onsite -
‘based on other acquired information. All deviations from the sampling plan will be noted in the
Sampling Trip Report. a

51 SAMPLING DESIGN

SOIL GAS SAMPLING

One (1) soil gas sample will be collected from the treatment system located at 760 Kensington
Ave. The soil gas sample will be collected using a 6-liter Suinma canister with flow controllers
adjusted to collect a sample over a 24-hour period. After the canister is collected, a data sheet(s)
will be completed and a tag will be attached to the Summa canister. ’

All sampling activities will be performed by the Region II RST 2, under the direction of the EPA
OSC. ‘ . ‘ :

5.2 SCHEDULE OF ACTIVITIES

September 10, 2009 Soil Gas Sample Collection September 11, 2009

5.3 SAMPLING EQUIPMENT

Soil gaé samples will be collected using a reusable stainless steel Summa canister, fitted with 24-
hour passive flow controllers calibrated by the laboratory. Canisters will be purged, cleaned, and
prepared for sampling by the laboratory in accordance with Section 8.4 of EPA Method TO-15.




5.4 SAMPLE IDENTIFICATION SYSTEM

The soil gas sample collected by Region II RST 2 will be identified by a site specific.code. The

- site specific code for the Sweet Kleen Laundry Site is ‘SK’. The media type will follow the
numeric code. A hyphen will separate the site code and medla type. Specific media types are as
follows: : ‘

SG — Soil Gas Sample

After the media type, the sequential sample numbers will be listed.

5.5 ~STANDARD OPERATING PROCEDURES (SOPs) -
5.5.1 Sample Documentation

All sample documents will be completed legibly, in ink. Any corrections or revisions will be
made by lining through the incorrect entry and by initialing the error.

Field Logbook

The field logbook is essentially a descriptive notebook detailing site activities and observations
so that an accurate account of field procedures can be reconstructed in the writer's absence. All
entries will be dated and signed by the individuals making the entries, and should include (at a
minimum) the following: -

Site name and project number -

Name(s) of persdnnel on-site

Dates and times of all entries (military time preferred)
Descriptions of all site activities, site entry and exit times
Noteworthy events and discussions

Weather conditions

Site observations

S»ar‘nple and sample location identification and description”
Subcontractor information and names of on-site personnel

10 Date and time of sample collections, along with chain of custody mfonnatlon
11. Record of photographs :
12 Site sketches

PR NA LA W

* The description of the sample location will be noted in such a manner as to allow the reader to -
reproduce the location in the field at a later date.

Samp’le Labels

Sample labels will clearly ideﬁtify the particular sample, and should include the following:




Site/project number.

Sample identification number.

‘Sample collection date and time.
Designation of sample (grab or composite).
Sample preservation. :

Analytical parameters.

Name of sampler.

NV R W

Sample labels will be written in indelible ink and securely affixed to the sample contamer Tie-
on labels can be used if properly secured. -

Custody Seals

Custody seals demonstrate that a sample container has not been tampered with or opened. The
individual in possession of the sample(s) will sign and date the seal, affixing it in such a manner
that the container cannot be opened without breaking the seal. The name of this individual, along
with a description of the sample packaging, will be noted in the field logbook.

| 5.5.2 Sampling SOPs .

The following sampling SOPs will be used for this project:‘

Air Sampling

EPA/ERT SOP #1704, Summa Canister Sampling

5.5.3 Sample Handling and Shipment

The tagged Summa canister will be shlpped to laboratory for analy51s alonig with the chain of
custody records. The Summa canister sample will be labeled with the sample number, time and
date of collection, and analyses requested.

- All sample documents will be sealed in a plastic bag and included in the shipping box. The
shipping box will be sealed shut and affixed on at least two sides with custody seals so that any
sign of tampering is easily visible. :

5.6 SAMPLE CONTAINERS

All sample containers will meet the QA/QC specifications in OSWER Directive 9240 0-05A,
“Specifications and Guidance for Contaminant Free Sample Containers.” '

5.7 DISPOSAL OF PPE AND CONTAMINATED SAMPLING MATERIALS

During this sampling event, the only PPE used will be nitrile gloves Based on the

contamination on site (volatiles in low ppb range) the gloves will be disposed of in a regular
trash receptacle




6. SAMPLE CUSTODY

~

In addition to the following, the sample custody procedi;’re will be conducted in accordance with
Section B2 of the Region II RST 2 QAPP.

A chain-of-custody record will be maintained from the time the sample is taken to its firal
deposition. - Every transfer of custody must be noted and signed for, and a copy of this record
kept by each individual who has signed. When samples (or groups of samples) are not under
direct control of the individual responsible for them, they must be stored in a locked container
sealed with a custody seal. Specific information regarding custody of the samples projected to
be collected on the weekend will be noted in the field logbook.

The chain-of-custody record should include (at minimum) the following:

Sample identification number

Sample information

Sample location

Sample date

Name(s) and signature(s) of sampler(s) ,
Signature(s) of any individual(s) with custody of samples

S S o e

A separate chain-of-custody form must accompany each cooler for each daily shipment. The
chain-of-custody form must address all samples in that cooler, but not address samples in any
other cooler. This practice maintains the chain-of-custody for all samples in case of mis-
shipment. ’ '

7. FIELD INSTRUMENT CALIBRATION AND PREVENTIVE
MAINTENANCE -

In addition to the following, the field instrument and preventative maintenance procedure will be
conducted in accordance with Section B5 of the Region Il RST 2 QAPP.

The sampling team is respo'hsib]e for ensuring that a calibration/maintenance log will be brought
into the field and maintained for each measuring device. Each log will include at a minimum,
where applicable:

Name of device and/or instrument calibrated.
Device/instrument serial and/or ID number.
Frequency of calibration.
Date of calibration.

- Results of calibration.
Name of person performing the calibration.
Identification of the calibrant.

Equipment to be used each day will be calibrated prior to the comimencement of daily activities.




8. ANALYTICAL METHODS

Analytical methods to be utilized in the analyses of samples collected during this samplmg event
are detailed in Table 3.

9. DATA REDUCTION, VALIDATION, AND REPORTING

In addition to fh_e following, the data reduction, validation, and reporting procedure will be
conducted in accordance with Section D1 of the Region II RST 2 QAPP.

9.1 DELIVERABLES

“The RST 2 SPM, Sayed Igbal, will maintain contact with the EPA OSC, Kevin Matheis, to keep
him informed about the technical and financial progress of this project. This communication will
commence with the issuance of the work assignment and project scoping mieeting. Activities
under this project will be reported in status and trip reports and other deliverables (e.g., analytical
reports, final reports) described herein. Activities will also be summarized in appropriate format
for inclusion in monthly and annual reports.

The following deliverables will be provided under this project:

Trip Report

A trip report will be prepared to provide a detailed -accounting of what occurred during each
sampling mobilization. The trip report will be prepared within 2 weeks of the last day of each
sampling mobilization. ~ Information will be provided on time of major events, dates and
personnel on-site (including affiliations).

Maps/Figures

Maps depicting site layout, contaminant source areas, and sample lacations will be included in
the trip report, as appropriate.

Analﬂ' ical Report

An analytlcal report will be prepared for samples analyzed ‘under thls plan. Information
- regarding the analytical methods or procedures employed, sample results, QA/QC results, chain-
of-custody documentatlon ]aboratory correspondence, and raw data will be provided within this
_ deliverable.

Data Review

A review of the data generated under this plan will be undertaken. The assessment of data
- acceptability or usability will be provided separately, or as part of the analytical report.

10




‘9.2 DATA VALIDATION

Data generated under this QA/QC Sampling Plan will be evaluated according to guidance in the
Uniform Federal Policy for Implementing Environmental Quality Systems: Screening data with
definitive confirmation need only be evaluated for holding time, calibration and detection limits
criterion. .

Laboratory analytical results will be assessed by the data feviewer for compliance with required
precision, accuracy, completeness, representativeness, and sensitivity.

10. FIELD QUALITY CONTROL CHECKS AND FREQUENCY

In addition to the following, the field quality control checks and frequency procedure will be
conducted in accordance with Section B6 of the “Region II RST 2 QAPP”. This section details
the QA/QC requirements for field activities performed during the sampling effort.

Matrix Spike/Matrix Spike Duplicate samples or field duplicate sample will not be collected for
screening data with definitive confirmation QA objectives.

1. SYSTEM AUDITS

In addition to the following, the system audit procedure will be conducted in accordance with
Section C1 of the Region II RST 2 QAPP.

The Field QA/QC Ofﬁcér will observe éampling 6perations and rev1ew subsequent analytical

12. CORRECTIVE ACTION

In addition to the followin_g, the corrective action procedure will be conducted in accordance
with Section C1 of the Region IT RST 2 QAPP.

All provisions will be taken in the field and laboratory to ensure that any problems that may

develop will be dealt with as quickly as possible to ensure the continuity of the project/sampling
- events. Any deviations from this sampling plan will be noted in the final report.

11




ATTACHMENT A

SITE MAPS




T Hewnm Hewit
O%o%' bridge
¢ .
> erkshire
. Amherst g
3
o
5 3
= =
{ Bennett Village . < .
! ® ) 2 lidway
- o 5
2 E 9
Hutch SQU o]
5 A
s 2 0
I O o
o .
= 3 ‘L z
- 2
| \ Oy s
' (3 ®
s g H P |~ Colingwood |
wnes Sweet Kleen Laundry Site
S |{® |780 Kennsington Avenue
Buffalo, New York 14211 =
e & =] Andowver
"l S 5
@ 2 , '
- E Berwyn
® § » " [ .
8 g 4 Burlington
- - (=]
Mendola = 4 ,
2. T
Caffax _ C
¢! o
L %
33 —————e —
| = | e onne
Pembroke ‘ L E
: i >
' S
Maple Ridge o Decker :
: s '
: “Fernhil e Manhart
|
§ —‘ Sussex - ® Alma
5 £ > T B
S g 5 g ..
5 3 5 3 : - N\§ Doms
£ J . S z —
- £ 3 Schreck -
S Litchfield B -3 X
Yangmeyer
id {1
' x iy o . Figure 1:
Legend N WE_ST Weston Solutions, Inc.| ___ Site Location Map
. e N IR, SWEETKLEAN LAUNDRY SITE:
Site Location ' . Cy BUFFALO, NEW YORK _
- | ' InAssociation With § us.anﬂgygmgu?mmonmma
_ Innovative Technical Solutions; Inc., g CONTRACT 4 EP-W.06 73
(')_‘»—'og_l*o‘_'os o.lné_';'alu 0"32"’““ Scientific and Environmental Associates, Inc. g . |
‘ and Avatar Environmental, LLC. £ ~SWEET KIEANLAUNDRYMD ]




-

ATTACHMENT B

_ EPAJERT SAMPLING SOPS




© SOP#: 1704
DATE: 07/27/95

SUMMA CANISTER SAMPLING
. REV.#:0.1

1.0 SCOPE AND APPLICATION

The purpose of this standard operating procedure
(SOP) is to describe a procedure for sampling of
volatile organic compounds (VOCs) in ambient air.
The method is based on samples collected as.whole
air samples in Summa passivated stainless steel
canisters. The VOCs are subsequently separated by
gas chroinatography (GC) and measured by
mass-selective detector or multidetector techniques.
"This method presents procedures for sampling into
canisters at final pressures both above and below
atmospheric pressure (respectively referred to ‘as
pressurized and subatmospheric pressure sampling).

This method is applicable to speci_ﬁcVO.Cs that have

been tested and determined to be stable when stored in

pressurized and subatmospheric pressure canisters.

The organic compounds that have been successfully |

collected in pressurized canisters by this method are
listed in the Volatile Organic Compound Data Sheet
{Appendix A). These coinpoutids have beén measured
at the parts per billion by volume (ppbv) level.

These are standard '(i.e., typically applicable)
operating procedures which may be varied or changed
as required, dependent on site conditions, equipment
limitations or limitations imposed by the procedure or
other procedure limitations. In all instances, the
ultimate procedures. employed should be doéumented
and associated with the final report.

Mention of trade names or commercial products does

not constitite U.S. EPA endorsement or
recommendation for use.

2.0 METHOD SUMMARY

Both subatmospheric pressure and pressurized

sampling modes use an initially evacuated canister.

Both modes may also use a mass flow
controller/vacuum pump arrangement to regulate flow.
With the above configuration, a sample of ambient air

is drawn through a sampling train comprised of
compone_nts that regulate the rate and duration of
sampling into a pre-evacuated Summa passivated
canister. Alternatively, subatrhospheric pressure
sampling may be performed using a fixed orifice,
capillary, or adjustable micrometering valve in lieu of
the mass flow controller/vacuum pump arrangement
for taking grab samples or short duration
ti_me-in_tegrat’ed samples. Usually, the alternative
types of flow controllers are appropriate only in
situations where screening samples are taken to assess
for future sampling activities.

30 SAMPLE  PRESERVATION,
CONTAINERS, HANDLING,
AND STORAGE -

After the air sample is collected, the canister valve is
cjosed, an identification tag is attached to the canister,
and the canister is transported to a laboratory for
analysis. Upon receipt at the laboratory, the canister
tag data is recorded. Sample holding times and
expiration should be determined prior to initiating
field activities.

40 INTERFERENCES  AND

POTENTIAL PROBLEMS

Contamination may occur in the sampling system if

canisters are not properly cleaned before use.
Additionally, all othet sampling equipment (e.g.,

- pump and flow controllers) should be thoroughly

cleaned.
5.0 EQUIPMENT/APPARATUS

The following equipment/apparatus (Figure 1,
Appendix B) is required:

|




5.1

5.2

Subatmospheric Pressure Samplmg
Equipment

VOC canister sampler - whole air sampler
capable of filling an initially evacuated

" canister by action.of the flow controlled

pump from vacuum to near atmospheric
pressure. (Andersen Samplers Inc., Model
87-100 or equivalent).

Sampling inlet line - stainless steel tubing to
connect the sampler to the sample inlet.

Sample canister - leak-free stainless steel
pressure vessels of desired volume with
valve and Summa passivated interior
surfaces  (Scientific  Instrumentation
Specialist, Inc.,
Samplers, Inc., or equivalent).

Particulate matter filter - 2-um sintered
stainless steel in-line filter (Nupro Co.,

Model SS-2F-K4-2, or equivalent).

Chromatographic grade stainless steel tubing
and fittings - for interconnections (Alltech
Associates, Cat. #8125, or equivalent). All
materials in contact with sample, analyte,
and support gases shoild be chromatographic

. grade stainless steel.

Fixed orifice, capillary, or adjustable
micrometering valve - used in lieu of the
electronic flow controller/vacuum pump for
grab  samples or short  duration
time-integrated samples. ‘

Pressurized Sampling Equipment "

VOC canister sampler - whole air sampler

capable of fi lling an initially evacunated -

canister by action of the flow -controlled
pump from vacuum to near atmospheric
pressure. (Andersen Samplers Inc Model

£ 87-100). -

Samplmg inlet line - stainless steel tubing to .

connect the sampler to the sample inlet.

Sample canister - leak-free stainless steel
pressure vessels: of desired volume with
valve and Summa passivated interior

‘ID 83843, Andersen.

surfaces

(Scientific Instrumentation
Specialist, 'Inc., ID 83843, Andersen
Samplers, Inc., or equivalent).

Particulate matter filter - 2-pm sintefed
stainless steel in-line filter (Nupro Co,,
Model SS-2F-K4—2, or equivalent).

Chromatographlc grade stainless steel tubing
and fittings - for interconnections (Alltech
Associates, Cat. #8125, or equivalent). All
materials in contact with sample, analyte,
and support gases should be chromatographlc
grade stainless steel. -

REAGENTS

This section is not applicable to this SOP.

7.0
71

7.1.1

PROCEDURE .

Subatmospheric Pressure Sampling

‘Sampling Using a Fixed Orifice,

Capillary, or Adjustable

Micrometering Valve

Prior to sample collection, the appropriate
information is completed on the Canister
Sampling Field Data Sheet (Appendix C).

A canister, which is evacuated to 0.05 mm
Hg and fitted with a flow restricting device,
is opened to the atmosphéte containing the
VOCs to be sampled.

The pressure differential causes the sample
to flow into the ¢anister.

This technique may be used to collect grab
samples (duration of 10 to 30 seconds) or
time-integrated samples (duration of 12 to 24

- hours). The sampling duration depends on

the degree to which the flow is restricted.

A critical orifice flow restrictor will have a
dectease in the flow rate as the pressure
approaches atmospheric.

Upon sample coiripletion at the location, the
appropriate infofthation is recorded on the




7.2

7.2.1

. Canister Sampling.Fiéld Data Sheet.

Sampling Using a Mass FloW
Controller/Vacuum Pump
Arrangement (Andersen Sampler

Model 87-100)

Prior to sample collection the appropriate
information is completed on the Canistér
Sampling Field Data Sheet (Appendix C).

A canister, which is eévacuated to 0.05 mm
Hg and connetted in line with the sampler,; is
opened to the atmosphere containing. the
VOCs to be sampled. :

A whole air sample is drawn into the system

through a stainless steel inlet tube by a direct

drive blower motor assembly.

A small portion of this whole air sample is.

" pulled from the inlet tube by a specially
modified inert vacuum pump.in conjunction
.with a mass flow controller.

The initially evacuated canister is filled by
action of the flow controlled pump to near

‘atmospheric pressure.

A digital time-program is used to pre=select
sample duration and start and stop times.

Upon sample completion at the location, the

appropriate information is recorded on the
Canister Sampling Field Data Sheet.

Pressurized Sampling

Sampling Using a Mass Flow

Controller/Vacuum Pump
Arrangement (Anderson Sampler
Model 87-100)

Prior to sample commencement at the
location, the appropriate information is
completed on the Canister Sampling Field
Data Sheet.

A canister, which is evacuated to 0.05 mm
Hg and connected in line with the sampler, is

opened to the atmosphefe containing the

- 8.0

VOCs to be sampled.

A whole air sample is drawn into the éys_tem
through a stainless steel inlet tube by a direct
drive blower motor assembly.

A small portion of this whole air sample is
pulled from the inlet tube by a specially
modified ineft vacuum pump in conjunction
with a mass flow controller.

The-initially evacuated canister is filled by
action of the flow controlled pump to a
positive pressure not to exceed 25 psig.

A digital time-programmer is used to
pre-select sample duration and start and stop
times.

Upon sample completion at the location, the
appropriate information i$ recorded on the

Canister Sampling Field Data Sheet.

CALCULATIONS

A flow control device is chosen to maintain
a constant flow into the canister over. the
desired sample period. This flow rate is
determined so the canister is filled to about
88.1 kPa for subatmospheric pressure
sampling or to about one atmosphere above
ambient pressure for pressurized sampling
over the desired sample period. The flow
rate can be calculated by:

P 112
. (7)(60)
“where:
F = | flow rate (cm¥min)

P = final canister pressure,
- atmospheres absolute

v = volume of the canister
‘ (cm®)
T = sample penod (hours)

For example, if a 6-L canister is to be filled to 202
kPa (two atmospheres) absolute pressure in 24 hours,
the flow rate can be calculated by:




+ (2)(6000) .+ g5 3/min
(24)(60) ' o
2. If the canister pressure is increased, a
dilution factor (DF) is calculated and
fecorded ori the sampling data sheet.

Ya

DF ' —
Xa

where:

Xa = canister pressure (kPa,
psia) absolute  before
dilution.

Ya = canister pressure (kPa,

psia)  absolute  after
dilution.

After sample analysis, detected VOC concentrations
are multiplied by the dilution factor to determine
concentration in the sampled air.

9.00 QUALITY ASSURANCE/
QUALITY CONTROL

The following genéral quality assurance procedures
apply:

1. All data must be documented on standard
chain of custody records, field data sheets, or
site logbooks.

2. All instrumentation must be operated in
accordance with operating instructions as
supplied by the manufacturer, unless
otherwise specified in the work plan.
Equipment” checkout and calibration

activities  must  occur  prior to
sampling/operation, and they must be

documented.

10.0 DATA VALIDATION

This section is not applicable to this SOP.

11.00 HEALTH AND SAFETY

When working with potentially hazardous materials,
follow U.S. EPA, OSHA, and corporate health and
safety practices. Specifically, pressurizing of Summa
canisters ‘should be performed in a well ventilated .
room, or preferably under a fiime hood. Care must be
takeen fiot to eXceed 40 psi in the canisters. Canisters
are under pressure, albeit only 20-30 psi, and should
not be dented or punctured. They should be stored in
a cool dry place and always be placed in their plastic
shipping boxes during transport and storage. ’
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APPENDIX A

Volatile Organic Compound Data Sheet

TABLE 1. VOLATILE ORGANIC COMPOUND DATA SHEET
T ] BITE T RLink “CAS
conpoin gsvummq FORMULA — .| WEIGHT POINT (*C) |- POINT (°C) | MuNBER -

Freon 12 (Dichlorodi fluoromethane) 1 Cl2CF2 120.91 -9.8 -158,0 .

{ Methy) chlgride (Chioromethane) H3C) 50.49 242 -97.1 7-87-3
Freon 114 (1,2-Dichloro-1,1,2,2- CICF2CCIF2 178,93 4.1 -94.] :
- tetraf Jyoroethane) | :
Hn ¥ chloride Chlocoenylen) O!z-ﬂlcl 62.50 -13.4 -1538.0 15-01-4
/V broatde {Bromomethane) . 3.6 -93,6 14-83-9

ilhy chigride {Chloroethane %alzcl 64.52 12.3 =~136,4 15-00-3
Freon 11 (Trichlorefluoromethane) 137.38 2.7 -11L.0 !
Vinylidene thloride (1,1-Dichlorcethene) cznznz 96.95 © 3 -122.5 15354 |
Dichloromethane (Hetbylenc chloride) CHaClz 81,94 3.8 -95.1 75-09-2 |
Freon 113 (1,1,2-Trichloro-1;2,2- l:iztlctlzr 187.38 7.7 -36.4

trif) uoroelhane) i . i
1,1-Dichloroethane {Ethylidene chloride) | CH cugs 98,96 5.3 -97.0 74-34-3 - ¢

cis-1,2-Dichloroethylene - VoCHCY 96.94 60,3 -80,5
Chlorofors { Trichloromethane) CHCYy 119,38 61.7 -63.5 61-66-3
1,2-Dichlarcethane {Ethylene dichloride) ucnzcnzcl 198,96 8.5 -35:3 107-06~2
Nethy1 chiotofora (1,1,1-Trichloroethane)| CH3ECT3 13.41 .l -30.4 - 71-55-6
Benzene (tyclnheutrlene) He 1 1812 - 801 5.5« 1-43-2
Carbon, tetrachloride ll‘ttuchlorme&hme) : &m 163,82 76.8 -23.0 §6-23-5

.S;Mihlgr ropane {Propylene C3CHCTCHCY | 112,99 - 96,4 - . -100.4 78-87-5

chloride | N . '

Irkhloroelhyleue {Trichtoroethene) CIcH=Cel 131.29 87 -73.0 79-01-6.
cis-1 .&okhloroprogeu (ehs-1,3- CHCCI= 110.97 76

dichloropropylen NS
trans-1 }nlcnlaropropene (m -1,3- I crcwanacycy 110.97 12.0

Bichloroproyylene) )
1,1,2-Trichlorcdthane (Vinyl trichloride) CH cm«:lz 133.41 113.8 -36.5 19-00-5
loluene (Methy! benzene) 2.5 110.6 -95.0 108-88-3
1,2-Dibromoethane (Ethylére dibromide) Bttﬂzal Br 187,88 1313 9.8 106-93-4
Tctruhloroethylzne {Perchioroethy tene) C);cxcce 165.83 1211 -19.0 127-18-4
Chlorobenzene (Phenyl chloride) 112.56 132.0 -45,6 108-90-7
E thy 1benzene ?t l? 106.17 -98.0 100-41-4
m-Aylene (1,3-OtmethyTbenzene) .3- Cl?i 2C6Hg 106.17 -42.9
p-Yylene ll-nimethylxylene) .4-(01;]2(:5"4 106,17 13.3 .
Styrene {Vinyl benzene) - CgHs T 104,15 -30.6 100-42-5
1,1,2,2-Tetrachloroethane CHC zD(Clz =360 79-34-5
mlylene (1,2-DimethyTbenzene) 1,2-{C0ty) 2C6Ha -25.

1,3 S-Trfmt'ulbenzqg_ne :Mesltylene) 133,5-(C43)aCeHs -44.7 108-67-8
1,2,82Trimethy ) benzéne (Psendocumene) 1.2.6-(m3)3c§n; -43.8 95-63-6
m—NcMorobenzene {1,3-Dichlorobenzene) |1,3-ClaCeHy 173.0 ~24.7 541-73-1
Benzy) chioride (--Chlorotoluene) CHsCHCY 179.3 -390 106-44-7
o-Dichlorobenzene -(1,2-Ofchiorobenzene) 1.2—02 Hg 180,5 <17.0 95-50-1
p-Dichlorobenzene {1,4: Mthlnro‘henzene) 1,4-Cl2CcH4 147 174.0 53.1 106-46-7
1,2,4-Trichlorobenzéne 1,2,3-€13C6H3 181 .4§ 2135 17.0 120-82-1
HexachTorobutadienie (1,1,2,3,8 C- )

Hexachiore-1, S-butadlene) -




APPENDIX B

FIGURE 1. Subatmospheric/Pressurized Sampling Equipment .
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APPENDIX C

Canister Sampling Field Data Sheet
| ' Page __of

SUMMA AIR SAMPLING WORK SHEET

Site#:

gnment Manager:

Work Assi /
. Project Leader:

Site:
Samplers:
" Date:

' Sample #-

Location

SUMMA ID

- Orifice Used

Analysis/Method

Time (Start)

Time (Stop)

YES/NO

Total Time
SUMMA WENT TO YES/NOI YES/NO YES/NO - YES/NO
AMBIENT :

Pressure Gauge

Pressure Gauge

Flow Rate (Pre)

Flow Rate (Post)

- Flow Rate (Average)

MET Station On-site? Y / N

General Comments:




1.0 SCOPE AND APPLICATION

‘Soil gas monitoring provides a quick means of waste
site evaluation. Using this method, underground
contamination can be identified, and thé source,
" éxtent, and movement of the pollutants can be traced.

This standard operating procedure (SOP) outlines the
methods used by U.S. EPA/ERT in installing soil gas
“wells; measuring organic vapor levels in the soil gas
using a Photoionization Detector (PID), Flame
Tonization Detector (FID) and/or other air monitoring
devices; and sampling the soil gas-using Tedlar bags,
Tenax sorbent tubes, and/or Summa canisters.

These are standard (i.e., typically applicable)
operating procedures which may be varied or changed
as required, dependent on site conditions, equipment
limitations or limitations imposed by the procedure.
In all instances, the ultimate procedures employed
should be documented and associated with the final
report. ’

Mention of trade names or commercial products does .

‘not constitute U.S. EPA. endorsement or
recommendation for use. )

2.0 METHOD SUMMARY

. A 3/8" diameter hole is driven into the ground to a
depth of four to five feet using a commercially
available slam bar. Soil gas can also be sampled at
other depths by the use of a longer bar or bar
attachments. A 1/4" O.D. stainless steel probe is
inserted into the hole.. The hole is then sealed around
the top of the probe using modeling clay. The gas
contained in the interstitial spaces of the soil is
sampled by pulling the sample through the probe
using an air sampling pump. The sample may be
stored in Tedlar bags, drawn through sorbent
cartridges, or analyzed directly using a direct reading
instrument. The air sampling pump is not used for
Summa canister sampling of soil gas. Sampling is

SOIL GAS SAMPLING |

SOP#: 2042
DATE: 06/01/96
REV.#:0.0

achieved by soil gas equilibration with the evacuated
Summa canister.

‘Other field air monitoring devices, such as the

combustible gas indicator (MSA CGI/02 Meter,
Model 260) and the Organic Vapor Analyzer (Foxbero

.OVA, Model 128), ¢an also be uséd dependent on

specific site conditions. Measurement of soil
temperature using a temperature probe may also be
desirable. Bagged samples are usually analyzed in a
field laboratory using a portable Photovac GC.

Power driven sampling probes may be iitilized when
soil conditions make sampling by hand unfeasible
(i.e., frozen ground, very dense clays, pavement, etc.).
Commercially available soil gas sampling probes
(hollow, 1/2 = O.D. steel probes) can be driven to the
desired depth using a power hammer (e.g., Bosch
Demolition Hammer or Geoprobe™). Samples can be
drawn through the probe itself, or through Teflon
tubing inserted through the probe and attached to the
probe point. Samplés are collected and analyzed as
described above. .

3.0 SAMPLE PRESERVATION,
CONTAINERS, HANDLING, .
AND STORAGE

3.1 Tedlar Bags

Soil gas samples are generally contained in 1.0-L
Tedlar bags. Bagged samples are best stored in dark
plastic bags placed in coolers to protect the bags from
any damage that may occur in the field or in transit.
In addition, coolers insure the integrity of the samples
by keeping them at a cool temperature and out of
direct sunlight. Samples should be analyzed as soon
as possible, preferably within 24 - 48 hours.

3.2°  Tenax Tubes

Bagged samples can also be drawn onto Tenax or




other sorbent tubes to undergo lab GC/MS analysis.
If Tenax tubes are to be utilized, special care must be
taken to avoid contamination. Handling of the tubes
should be kept to a minimum and only while wearing
fiylon or other lint-free gloves. After sampling; each
tube should be stored in a clean, sealed cultire tube;
the ends packed with clean glass wool to protect the
sorbent tube from breakage. The culture tubes should
bekept cool and wrapped in aluminum foil to prevent
any photodegradation of samples (see Section 7.4.).

3.3 Summa Canister_s

The Summa canisters used for soil gas sampling have
a 6 liter sample capacity and are certified clean by
GC/MS analysis before being utilized in the field.

After sampling is completed, they are stored and.

shipped in travel cases.

40 INTERFERENCES AND
POTENTIAL PROBLEMS

4.1 PID Measurements

A number of factors can affect the response of a PID
(such as the HNu P1 101). High humidity can cause
lamp fogging and decreased sensitivity. This can be
significant ‘when soil moisture levels are high, or
when a soil gas well.is actually in groundwater. High
concentrations of methane can cause a downscale
deflection of the meter. High and low temperature,
electrical fields, FM radio transmiission, and naturally
occurring compounds, such as terpenes in wooded
aréas, will also affect instrument response.

Other field screening instruments can be affected by

interferences. Consult the manufacturers manuals.

\

4.2 FID Measurements

A number of factors can affect the response of an FID
(such as the OVA model 128). High humidity can
cause the FID to flame out or not ighite at all. This
can be significant when soil moisture levels are high,
or when a soil gas well is actually in groundwatet.

The FID can only read organic based compoimds ‘

(they must contain carbon in the molecular structure).
The FID also responds poorly to hydrocarbons and
halogenated hydrocarbons (such as gasolitie, propane
fuel). High and low temperature, electrical fields and
FM radio transmission will .also affect instrument
response. :

4.3  Factors Affecting Organic
Concentrations in Soil Gas

Concentrations in soil gas are affected by. dissolution,
adsorption, and partitioning. Partitioning refers to the

. ratio of component found in a saturated vapor above

an agueous solution to the amount in the solution; this
can, in theory, be calculated using the Henry's Law
constants. Contaminants can also be adsorbed onto
inorganic soil components or "dissolved" in organic
components. These factors can result in a lowering of
the partitioning coefficient.

Soil "tightness" or amount of void space in the soil
matiix, will aff_ect the rate of recharging of gas into
the soil gas well.

Existence of a high, or perched water table, or of an
impermeable underlying layer (such as a clay lens or
layer of buried slag) may interfere with sampling of
the soil gas. Knowledge of site geology is useful in
such situations, and can prevent inaccurate sampling.

4.4  Soil Probe Clogging

A common problem with this sampling method is soil
probe clogging. A clogged probe can be identified by
using an in-line vacuum gauge or by listening for the
sound of the pump laboring. This problem can usually
be eliminated by using a wire cable to clear probe (see
Section 7.1.3.).

4.5 Underground Utilities

Prior to selecting sample locations, an underground
utility search is recommended. - The local utility
companies can be contacted and requested to mark the
locations of their underground lines. Sampling plans
can then be drawn up accordingly. Each sample
location should also be screened with a metal detector
or magnetorneter to verify that no underground pipes
or drums exist.

5.0 EQUIPMEN T/APPARATUS

5.1 Slam Bar Method

C Slam Bar (1 per sampling team).

€~ Soil gas probes, stainless steel tubing, 1/4"
A 0.D., 5 ft length.

¢ Flexible wire or cable used for clearing the




tubing during insertion into the well.
"Quick Connect"” fittings to connect sampling
probe, tubihg, fonitoring instruments, and

Gilian pumps to appropriate fittings on »

vacuum box.

Modeling clay.

Vacuum box for drawing a vacuum around
Tedlar bag for sample collection (1 per

sampling team):

Gilian pump. Model HFSIIBA -adjusted to

approximately 3.0 L/min (1 to 2 per sample )

team).
1/4" Teflon tubing, 2 ft to 3 ft lengths, for
replacement of contaminated sample line.

1/4" Tygon tubing, to connect Teflon tubing -

to probes and quick connect fittings.

Tedlar bags, 1.0 L, at least 1 bag per sample
point.

Soil Gas Sampling labels, field data sheets,
logbook, etc. ’

PID/FID, or other field air menitoring

devices, (1 per sampling teain).
Ice chest, for carrying equipment and for

~ protection of samples (2 per sampling team).

Metal detector or ~ magnetometer, for
detecting underground utilities/pipes/drums
(1 per sampling team).

Photovac GC, for field-lab analysis of

bagged samples.

Summa canisters (plus their shipping cases)
for sample, storage and transportation.
Large dark plastic garbage bags -

Power Hammer Method

Bosch demolition hammer:

172" O.D. steel probes extensions, and
points.

Dedicated aluminum samplmg points.
Teflon tubing, 1/4".

"Quick Connect"” fittings to connect sampling
probe tubing, monitoring instruments; and
Gilian pumps to appropnate fittings on
vacuum box.

Modeling clay.

Vacuum box for drawing a vacuum around
Tedlar bag for sample collection (1 per
sampling team).

Gilian pump Model HFS113A adjusted to
approximately 3.0 L/min (1 to 2 per sample
team).

1/4" Teflon tubing, 2 ft to 3 ft lengths, for

replacement of contaminated sample line.

¢ 1/4" Tygon tubing, to connect Teflon tubing
to probes and quick connect fittings.

€  Tedlarbags, 1.0 L, at least 1 bag per sample
point.

¢ Soil Gas Sampling labels, field data sheets,
logbook, etc.

C HNu Model P1101, or other field air

. monitoring devices, (1 per sampling team).

C Ice chest, for carrying equipment and for
protection of samples (2 per sampling team).

C Metal detector or magnetometer, for

detecting u_r_lde_rgroupd utilities/pipes/drums
(1 per sampling team).

¢ Photovac GC, for field-lab analysis of
bagged samples.

c Summa canisters (plus their shipping cases)
for sample, storage and transportation.

¢ Generator w/extension cords.

C High lift jack assembly for removing probes.

5.3 .Geoprobe™ Method

The Geoprobe is a hydraulically-operated sampling
device mounted in a customized four-wheel drive
vehicle. The sampling device can be deployed from
the truck and positioned over a sample location. The
base of the sampling device .is positioned on the
ground. The weight of the vehicle is hydraulically
raised on the base. As the weight of the vehicle is
transferred to the probe, the probe is pushed into the
ground. A built-in hammer mechanism allows the
probe to be driven past soine dense stratigraphic

_horizons. When the probe reaches the sample depth,

up to 50 feet under favorable geologic situations,
samples can be collected.

Soil gas can be collected from specific depths in two .
general ways. One method involves withdrawing a
sample directly from the probe rods, after evacuating
a sufficient volume of air from the probe rods. The -
other method involves collecting a sample through
tubing attached by an adaptor to the bottom probe rod
section. Correctly used, this method provides more
reliable results. Manufacturer’s instructions and the
SOP for the Model 5400 Geoprobe™ Operation
should be followed when using this method.

6.0 REAGENTS

¢ PID/FID or calibration. gases for field air
monitoring devices (such as methane and




7.0

7.1

. Deionized

isobutylene).

organic-free  water, for
decontamination. '

Methanol, HPLC grade, for decontamination.
Ultra-zero grade compressed ait, for field
blanks.

Standard gas preparations for Photovac GC
calibration and Tedlar bag spikes.

Propane Torch (for decontamination of steel
probes)

PROCEDURES
Soil Gas Well Installation
Initially a hole slightly deepe’r than the

desired depth is made. For sampling up to 5
feet, a 5-ft single piston slam bar is used.

+ For deeper depths, a piston slam bar with
‘threaded 4-foot-long extensions can be used.

Other techniques caii be used, so long as
holes are of narrow diameter and no
contamination is introduced.

After the hole is made, the slam bar is
carefully withdrawn to prevent collapse of
the walls of the hole. The soil gas probe is
then inserted.

It is neeeSSary to prevent plugging of the
probe, especially for deeper holes. A metal

“wire or cable, slightly longer than the probe,

is placed in the probe prior to inserting into
the hole. The probe is inserted to full depth,
then piilled up three to six inches, then
cleared by moving the cable up and down.
The cable is removed before sampling.

The top of the sample hole is sealed at the
surface against ambient air infiltration by
using modeling clay molded around the
probe at the surface of the hole.

If conditions preclude hand installation of the

soil gas wells, the power driven system may
be employed. The generator powered

demolition hammer is used to drive the probe-

to the desired depth (up to 12 Ft may be
attained with extensions). The probe is
pulled up 1-3 inches if the retractable point is
used. No clay is needed to seal the hole.
After sampling, the probe is retrieved using

7.2

7.3

the high lift jack assembly.

If semi-permanent soil gas wells are
required, the dedicated aluminum probe
points are used. These points are inserted
into the bottom of the power driven probe
and attached to the Teflon tubing. The probe

-is inserted as in step 5. When the probe is .

removed, the point and Teflon tube remain in
the hole, which may be sealed by backfilling
with clean sand, soil, or bentonite.

Screening with Field Instruments

The well volume must be evacuated prior to
sampling.  Connect the Gilian pump,
adjusted to 3.0 L/min, to the sample probe
using a section of Teflon tubing as a
connector. The pump is turned on, and a
vacuum is pulled through the probe for
approximately 15 seconds. Longer time is
required for sample wells of greater depths.

After  evacuation, the  monitoring
instrument(s) (i.e. HNu or OVA) is
connected to the probe using a Teflon
connector. When the reading is stable, or )
peaks, the reading is recorded on soil gas

data sheets. '

Of course, readings may be above or below
the range set on the field instruments. The

- range may be reset, or the response recorded’

as a greater than or less than figure.
Recharge rate of the well with soil gas must
be considered when resamplmg at a different
range setting.

Tedlar Bag Sampling

Follow step 7.2.1 to evacuate well volume.
If air monitoring instrument screening was
performed prior to sample taking, evacuatlon
is not necessary. .

Use the vacuum box and sampling train
(Figure 1) to take the samp]e The sampling

of contaminants and losses due to a_d_sorpnon.
All wetted parts are either Teflon or stainless
steel. The vacuum is drawn indirectly to
avoid contarhination from sample pumps. .




3. . The Tedlar bag is placed inside the vacuum
box, and attached to the sampling port. The

sample probe is attached to the sampling port

via Teflon tubing and a "Quick Connect”
fitting.

4. A vacuum is drawn around the outside of the
bag, using a Gilian pump connected to the

vacuum box evacuation port, via Tygon

tubing and a "Quick Connect” fitting. The
vacuum causes the bag to inflate, drawing
the sample.

5. Break the vacuum by removing the Tygon
line from the pump. Remove the bagged
sample. from the box and close valve.
Record data on data sheets or in logbooks.
Record the date, time, sample location ID,
and the PID/FID instrument reading(s) on
sample bag label.

CAUTION: Labels should not be pasted directly’onto
the bags, nor should bags be labeled directly using a
marker or pen. Inks and adhesive may diffuse through
the bag material, contaminating the sample. Place
labels on the edge of the bags, or tie the labels to the
metal eyelets provided on the bags. Markers with inks
containing volatile organics (i.e., permanent ink
markers)-should not be used. '

Chain of Custody Sheets must acﬁofhpany all samples
submitted to the field laboratory for analysis.

7.4  Tenax Tube Sampling -

Samples collected in Tedlar bags may be adsorbed
onto Tenax tubes for further analysis by GC/MS.

7.4.1 Additional Apparatus

A. Syringe with a luer-lock tip capable of
drawing a soil gas or air sample from a
Tedlar bag onto a Tenax/CMS sorbent tube.
The syringe capacity is dependent upon the
volume of sample begin drawn onto the
sorbent tube.

B. Adapters for fitting the sorbent tube between -

the Tedlar bag and the sampling syringe.
The adapter attaching the Tedlar bag to the
~ sorbent tube consists of a reducing union
(1/4" to 1/16" O.D. -- Swagelok cat. #

$8-400-6-1LV or equivalent) with a length of

: 1/4" O.D. Teflon tubing replacing the nut on

the 1/6" (Tedlar bag) side. A 1/4" 1.D.
silicone O-ring replaces the ferrules in the
nut on the 1/4" (sorbent tube) side of the
union.

The adapter attaching the sampling syringe to
the sorbent tube cofisists of a reducing union
(1/4" to 1/16" O.D. -- Swagelok Cat. #
$S-400-6-ILV or equivalent) with a 1/4" L.D.
silicone O-ring replacing the ferrules in the
nut on the 1/4" (sorbent tube) side and the
needle of a luer-Tock syringe needle inserted
into the 1/16" side. (Held in place with a

'1/16" ferrule.) The luer-lock end of the

needle can be attached to the sampling
syringe. It is useful to have a luer-lock
on/off valve situated between the syringe and
the needle. '

Two-stage glass sampling cartridge (1/4"
O.D. x 1/8" LD. x 5 1/8") contained in a

- flame-sealed tube (Manufacturer: Supelco

Custom Tenax/Spherocarb Tubes) containing
two sorbent sections retained by glass wool:.

Front section: 150 mg-of Tenax-GC

. Back section: 150 mg of CMS (Carbonized

Molecular Sieve)

These tubes are prepared and cleaned in
accordance with EPA Method
EMSL/RTP-SOP-EMD-013 by the vendor. -
The vendor sends ten tubes per lot made to
the REAC GC/MS Laboratory and they are
tested for cleanliness, precision, and
reproductability.

Teflon-capped ciilture tubes or stainless steel

- tube containers for sorbent tube storage and

shipping.  These containers -should be
conditioned by baking at 120 degrees C for at
least two hours. The culture tubes should
contain a glass wool plug to prevent sorbent
tube breakage during transport.
Reconditioning of the 'containers should
occur between uses or after extended periods
of disuse (i.e., two weeks or more).

Nylon gloves or lint-free cloth. (Hewlett
Packard Part # 8650-0030 or equivalent.)




7.4.2 Sample Collection A

Handle sorbent tubes with care, using fiylon gloves (or
other lint-free material) to avoid contamination.

Immediately before sampling, break one end of the
sealed tube and remove the Tenax cartri_dge.

Connect the valve on-the Tedlar bag to the sorbent
tube adapter. Connect the sorbent tube to the sorbent
tube adapter with the Tenax (White granular) side of
the tube facing the Tedlar bag. Connect the sampling
syringe assembly to the CMS (black) side of the
sorbent tube. - Fittings on the adapters should be
finer-tight. Open the valve on the Tedlar bag. Open
the on/off valve of the sampling syringe. Depending
on work plan stipulations, at least 10% of the soil gas
samples analyzed by this GC method must be
submitted for ' confirmational GC/MS analysis
(according to modified methods TO-1 [Tenax
absorbent] and TO-2 [Carbon Molecular Sieve (CMS)
absorbent]). Each soil gas sample must be absorbed on
replicate Tenax/CMS tubes. The volume absorbed on
a Tenax/CMS tube is dependent on the total

concentration of the compounds measured by the

photovac/GC of other applicable GC:

Total Concentration (ppm)

Sample Volume (mL)

>10 Use Serial Dilution
10 1050
5 - 20-100
1 i 100-250

After sampling, remove the tube from the sampling
train with gloves or a clean cloth. DO NOT LABEL
OR WRITE ON THE TENAX/CMS TUBE.

Place the sorbent tube in a conditioned stainless steel
tube holder or culture tube. Culture tube caps should
be sealed with Teflon tape.

7.4.3 Sample Labeling
Each sample tube container (not tube) must be labeled
with the site name, sample station number, date

sampled, and volume sampled.

Chain of custody sheets must accompany all samples
to the laboratory.

7.4.4 Quality Assurance (QA)

Before field use, a QA check should be performed on
each batch of sorbent tubes by analyzing a tube by °
thermal desorption/cryogenic trapping GC/MS.

At least one blarik sample must be submitted with
each set of samples collected at a site. This trip blank
must be treated the same as the sample tubes except
no sample will be drawn through the tube.

Sample tubes should be stored out of UV light (i.e.,
sunlight) and kept’ anice until analys_i_s_. Samples
should be taken in duplicate, when possible.

7.5  Summa Canister Sampling

1. Follow Step 7.2.1 to evacuate well volume.
If PID/FID readings were taken prior to
taking a sample, evacuation is not necessary.

2. Attach a certified clean, evacuated 6-liter
Summa canister via the 1/4" Teflon tubing.

3. Open valve on Summa canister. The soil gas
sample is drawn into the canister by pressure
equilibration. The approximate sampling
time for a 6 liter canister is 20 minutes.

4, Site name, sample location, number, and date

must be recorded on a chain of custody form
and on a blank tag attached to the canister.

8.0 CALCULATIONS

8.1  Field Screening Instruments
Instrument readings are usually read directly from the
meter. In some cases, the background level at the soil
gas station may be subtracted:

Final Reading = Sample Reading - Background

8.2  Photovac GC Analysis

Calculatioris used to determine concentrations of

individual components by Photovac GC analysis are

beyond the scope of this SOP and are covered in ERT

SOP #2109, Photovac GC Analysis for Soil Water
and Air/Soil Gas. A




9.0 CALIBRATION

9.1  Field Instruments

1t is recommended that the manufacturers' manuals be

consulted for correct use and calibration of all’

instruimentation.

9.2 | Gilian Model HFS113A Air
Sampling Pumps -

Flow should be set at approximately 3.0 L/min;
" accurate flow adjustment is not necessary. Pumps
should be calibrated prior to biinging into the field.

10.0 QUALITY ASSURANCE/
QUALITY CONTROL

10.1 Sample Probe Contamination

Sample probe contamination is checked between each
sample by drawing ambient air through the probe via
a Gilian pump and checking the response. of the
FID/PID. If readings are higher than background,
replacement or decontamination is necessary.

Sample probes may be decontaminated simply by
_ .drawing ambient air through the probe until the HNu
reading is at background. More pérsistent
contamination can be washed out using methanol and
water, then air drying. For persistent volatile
contamination, use of a portable propane torch may be
needed. Using a pair of pliers to hold the probe, run
the torch up and down the length of the sample probe
for approximately 1-2 minutes. Let the probe cool
before handling. When using this method, make sure
to wear gloves to prevent burns. Having more than
-one probe per sample team will reduce lag times
between sample stations while probes are
decontaminated.

10.2  Sample Train Contamination

The Teflon line forming the sample train from the
probe to the Tedlar bag should be changed on a daily
basis. If visible contamination (soil or water) is
drawn into the sampling train, it should be changed

immediately. When sampling in highly contaminated -

areas, the sampling train should be purged with
ambient air, via a Gilian pump, for approximately 30
seconds between each sample. After purging, the

sampling train can be checked using an FID or PID, or

other field monitoring device, to establish the
cleanliness of the Teflon line.

- 10.3  FID/PID Calibration

The FID and PIDs should be calibrated at least once
a day using the appropriate calibration gases.

10.4 Field Blanks

Each cooler containing samples should also contain
one Tedlar bag of ultra-zero grade air, acting ds a field
blank. The field blank should accompany the samples
in the field (while being collected) and when they are
delivered for analysis. A fresh blank must be
provided to be placed in the empty cooler pe_hd_ing
additional sample collection. One new field blank per
cooler of samples is required. A chain of custody
sheet must accompany each cooler of samples and
should include the blank that is dedicated to that group
of samples. :

10.5 Trip Standards

Each cooler containing samples should contain a
Tedlar bag of standard gas to calibrate the analytical
instruments (Photovac GC, etc.). This trip standard
will be used to  determine any changes in
concentrations of the target compounds during the
course of the sampling day (e.g., migration through
the sample bag, degradation, or adsorption). A fresh
trip standard must be provided and placed in each
cooler pending additional sample collection. A chain
of custody sheet should accompany each cooler of
samples and shoiild include the trip standard that is
dedicated to that group of samples. e

10.6 Tedlar Bag Check -

Prior to use, one bag should be removed from each lot ;

(case of 100) of Tedlar bags to be used for sampling

and checked for possible contamination as follows:

the test bag should be filled with ultra-zero grade air:

a sample should be drawn from the bag and analyzed
via Photovac GC or whatever method is to be used for
sample analysis. This procedure will ensure sample
container cleanliness prior to the start of the sampling
effort.




10.7 Summa Canister Check V

From each lot of four cleaned Summa canisters, one
is'to be removed for.a GC/MS certification check. If
_ the canister passes certification, then it is re-evacuated
and all four canisters from that lot are available for
saripling. }

If the chosen canister is contaminated, then the entire
lot of four Summas must be recleaned, and a single
canister is re-analyzed by GC/MS for certification.

'10.8  Options
10.8.1 Duplicate Samples

A minifium of 5% of all samples should be collected
in duplicate (i.e., if a total of 100 samples are to be
collected, five samples should be duplicated.) In
choosing which samples to duplicate, the following
criteria applies: if, after filling the first Tedlar bag,
and, evacuating thé well for 15 seconds, the second
HN (or other field monitoring device beihg used)
reading matches or is close to (within 50%) the first
reading, a duplicate sample may be taken. '

10.8.2 Spikes

A Tedlar bag spike and Tenax tube spike may be
desirable in situations where high concentrations of
_contaminants other than the target compounds are
found to exist (landfills, etc.). The additional level of
QA/QC attained by this practice can be useful in
determining the effects of interferences caused by
these non-target compounds. Summa canisters
containing samples are not spiked.

11.0 DATA VALIDATION

11.1 Blanks (Field and Tedlar Bag
Check)

For each target compound, the level of concentration
found in the sample must be greater than three times
the level (for that compound) found in the field blank
which accompanied that sample to be considered
valid. The same criteria apply to target compounds

detected in the Tedlar bag pre-sampling contamination

check. ‘

12.0 HEALTH AND
CONSIDERATIONS

SAFETY

Due to the remote nature of sampling soil gas, special
considerations can be taken with regard to health and
safety. Because the sample is being drawn from
underground, and no contamination is introduced into
the breathing zone, soil gas sampling usually occurs in
Level D. Ambieiit air is constantly monitored using
the HNu PI101 to obtain background readings: during
the sampling procedure. As long as the levels in
ambient air do not rise above background, no upgrade
of the level of protection is needed.

When conducting soil gas sampling, leather gloves
should be womn, and proper slam bar techniques
should be implemented (bend knees). Also, an
underground utility search should be performed prior
to sampling. (See Section 4.5).
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APPENDIX A

Figure

FIGURE 1. Sampling Train Schematic
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APPENDIX B

. HNu Field Protocol

Field Procedure

The following sections detail the procedures that are to be followed when using the HNu in the field.

Startup Procedure

Before attaching the probe, check the function switch on the- control panel to ensure that it is in the
off position. Attach the probe by plugging it into the interface on the top of the readout module
Use care in aligning the prongs in the probe cord with the plug in; don't force.

Tumn the function switch to the battery check pos’ition. The needle on the meter should read within
or above the gieen battery are on the scale. If not, recharge the battery. If the red indicator light
cornes on, the battery needs recharging. :

Turn the function switch to any range setting. Look into the end of the probe for no more than two
to three seconds to see if the lamp is on. Ifit is on, it will give a purple glow. Do not stare into the
probe any longer than three seconds. Long term exposure to UV light can damage eyes. Also,
listen fot the hium of the fan motor.

To ZERO the instrument, turn the function switch to the standby position and rotate the zero
adjustment until the meter reads zero. A calibration gas is not needed since this is an electronic
zeto adjustmerit. If the span adjustment setting is changed after the zero is set, the zero should be
rechecked and adjusted, if necessary. ‘Wait 15 to 20 seconds to ensure that the zero reading is
stable. If necessary, readjust the zero. .

Operational Check

a.
b.
Field CaliBrétion‘ Procedure

a.

Follow the startup proceduire.

With the instrument set on the 0-20 range, hold a solvent-based major market near the probe tip.
If the meter deflects upscale, the instrument is working.

Follow the startup procedure and the operational check.

Set the function switch to the range setting for the concentration of the calibration gas.

Attach a regulator (HNu 101-351) to a disposable cylinder of isobutylene gas (HNu 101-351).
Connect the regulator to the probe of the HNu with a piece of clean Tygon tubing. Tum on the
value on the regulator. ’

After fifteen seconds, adjust the span dial until the meter reading equals the concentration of the

calibration gas used. Be careful to unlock the span dial before adjusting it. If the span has to be
set below 3.0, calibration internally or return to equipment maintenance for repait.

10




e. Record in the field logbook:_ the instrument ID no. (EPA decal or serial nur’nb.er if the insttument
is a rental); the initial and final span settings; the date and time; concentration and type of
calibration has used; afid the name of the person who calibrated the instrument.  ~

'

Operation
a. Follow. the startup procedure, operational check, and calibration check.

b. Set the fiinction switch to the appropriate range. If the concentration of gases or vapors is unknown,
set the function switch to the 0-20 ppm range. Adjust it if necessary. :

c. While taking care not to permit~the HNu to be exposed to excessive moisture, dirt, or
contamination, monitor the work activity as specified in the Site Health and Safety Plan.

d. - When the activity is completed or at the end of the day, carefully clean the outside of the HNu with’
a damp disposable towel to refiove any visible dirt. Return the HNu to a secure area and place on
" charge. ' :

e. With the exception of the probe's inlet and exhaust, the HNu can be wrapped in clear plastic to’

prevent it_ form becoming contaminated and to prevent water from getting inside in the event of
precipitation. : '

11




SOP#: 1706
DATE: 09/12/94
REV. #:0.0

SUMMA CANISTER
FIELD STANDARDS

1.0 SCOPE AND APPLICATION

The objective of this procedure is to establish standard
operating practices for the use of Summa canisters.
Summa polished canisters are used to store calibration
gas standards for transport to field sampling sites.
These standards contained in the Summa canisters
will be used for calibration of field instrumentation.
In addition, a series of different concentrations of gas
standards, or dilutions in the field of a single canister,
can be used to construct calibration curves and to
ascertain minimum detection liriits on various field
instrumentation currently used by EPA/ERT.

Mention of trade names or commercial products does
not constitute U.S. EPA endorsement or
recommendation for use.

2.0 METHOD SUMMARY

A clean evacuated Summa canister is obtained. ‘A
certified gas standard cylinder is selected and a
delivery pressure of 20-30 psi is set. The lines are
bled with the gas staridard. Then, the Summa canister
is opened while still attached to the gas standard line,
and is charged to 20-30 psi with the certified gas
standard cylinder. The Surhma canister is closed and
the gas standard. lines are removed. A "tee" with a
septum s attached onto the Swagelok fitting of the
Summa canister. The "tee” is purged with the
contents of the Summa canister. The Summa canister
valve is opened and samples can be taken via a gas
tight syringe through the septum on the "tee”. The
valve is closed when not in use. Tedlar bags can also
be filled from the "tee".

3.0 SAMPLE PRESERVATION,
CONTAINERS, HANDLING,
AND STORAGE

Samples and gas standards can be kept several months .‘

in the Summa pelished canisters. Care must be taken
to ensure no leaks occur when the "tee" and septum

are used. In addition, the needle valve on the Summa
canister must be completely closed when not in use.

‘When transporting and storing, the Summa canister is

placed in a plastic shipping container. This will
protect the canister from accidental punctures or
dents. ’

40 INTERFERENCES ~AND
- POTENTIAL PROBLEMS

As long as the gas standards and all transfer lines are
clean, no interferences are expected. The initial
pressure of the Summa canister should be recorded
after filling. In addition, the pressure should be
recorded after edch use. A dramatic drop in pressure
(i.e., five psi or more) may invalidate the use of that
canister. '

5.0 EQUIPMENT/APPARATUS

¢ Summa Canister, 6-liter total volume
Cat # 87-300, Anderson Samplers, Inc.
4215 Wendell Drive, Atlanta, GA 30376
PN # 0650, SIS, P.O. Box 8941, 815
Courtney St., Moscow, Idaho 83843

€  Certified gas standard from Scott Gas,
Matheson or other reliable manufacturer

C Hamilton gas tight syringe with Teflon seal
plugs in various sizes -

c Clean Teflon tubing, 1/4" O.D.
€ Swagelok "tee" 1/4" Q.D. Teflon
C 1/4".T§flon swagelok nuts & ferrules'
¢ 9-mm septa, preferably ‘Teflon backed
C . Swagelok on/off or need]e'valve, 1/4" O.D.

stainless steel




6.0

REAGENTS

All standards must be vapor phase pressurized gas
cylinders, certified by the manufacturer to be within
+2% accuracy, and to be NBS traceable. Scott
Specialty Gas or Matheson.Gas can provide these
standards. If field dilution is required, a cylinder of
ultra high purity air is required.

7.0

1.

PROCEDURES

Obtain a Summa polished canister that has
been cleaned and evacuated and select a

compressed gas cylinder of a certified, °
standard. This standard should be ceitified

by the manufacturer to be within £2% for the

.accuracy of the concentration level and be

NBS traceable.

A high purity dual stage regulator is attached

to the standard cylinder. This must deliver

20-30 psi pressure at an accuracy of +10% or
better. y

A section of clean, unused 1/4" O.D. Teflon
tubing is attached to the Teflon "tee".

The side port of th_é "tee" has an on/off valve
or needle valve connected to it (Figure 1,
Appendix A).

A vent line is temporally connected to the

outlet port of the side valve and placed in a
fume hood or on an outside vent. The

-Summa canistér charging system appears in

Figure 2 (Appendix A).

The standard cylinder is opened at 20-30 psi
from the outlet of the cylinder regulator.

The needle valve on the Suimma canister is
still closed at this point. The side valve on
the ™ee" is opened and the standard
cylinder's 1/4" Teflon feed lines are allowed
to vent for one-two minutes.

The valve is then closed tightly and the
needle valve on the Summa canister is
slowly opened. A hissing noise should be
heard. Do not fill the Summa canisters t0o
rapidly. . Allow the canister to continue
filling.

10.

11.
12.
13.

14,

15.

16.

17.

18.

19.

Periodically check the pressure on the dual

* stage regulator attached to the standard

cylinder to ensure 20-30 psi is being
delivered. :

Once the hissing stops, the canister should be

filled to approximately the same pressure as

the line delivery pressure.

-Close the needle valve on the Sumrnha
canister tightly.

Close the standard cylinder and vent the feed
lines.

Remove the feed lme from thc top of the
Teflon "tee".

Place a Swagelok back -férrule, in the
inverted position, on the top of the "tee".
This will provide a flat surface on which a
Teflon-backed septum can be placed.

Place the Teflon-backed septum, Teflon side
down. The septum should create a gas tight
fit once a 1/4" Swagelok nut is tightened
onto the top of the "tee" (Figures 3 and 4,
Appendix A)

Open the needle valve on the Summa
canister to check for leaks throughout the
"tee", particularly in the septum fitting. Do
this w1th the valve on the side of the "tee"”
closed.

Afterwards, slewly open the side valve of the
“tee” and vent for 1/2 minute and re-close.
The septum "tee” is now ready for sampling
from the canister usifig a gas tight syringe
through the septum seal.

Close the Summa canister needle valve
between sample taking with the gas tight
syringe.

Periodically, vent or flush the "tee” to
provide fresh standard for sampling. The

“side valve can also be used, after flushing, to

fill Tedlar bags with the standard from the
Summa canister.




8.0 CALCULATIONS

The procedure for performing field dilutions of the
standards from  the Summa canisters must be
documented. This allows for the recalculation of
concentrations of standards if any discrepancies arise
in the calibration of the field instrumentation. Simple
volumetric dilutions using Hamilton gas tight
syringes, are performed using Tedlar bags with ultra
high purity air as the diluent. :

9.0 QUALITY  ASSURANCE/
QUALTIY CONTROL

The concentration levels of the certified gas standards
must be recorded. The vendor typically provides the
analysis of certification with each standards cylinder;
a copy should be provided with the Summa canister.

As previously stated, the pressure of the canister along
with the date and time, should be recorded at the
initial filling and at the end of each use of the canister.
A drop iii pressuire of 5-10 psi in between usages may
invalidate the canister for use as a calibration
standard. Certification of canister cleaning and
evacuation should be noted prior to filling with
standards.

10.0 DATA VALIDATION
This section is not applicable to this SOP.
11.0 HEALTH AND SAFETY

Pressurizing of Summa canisters should be perfor_med
in a well ventilated room, or preferably under a fume

hood. Care must be taken not to exceed 40 psi in the

canisters. Canisters are under pressure, albeit only
20-30 psi, and should not be dented or punctured.
They should be stored in a cool dry place and always
be placed in their plastic shipping boxes during
transport and storage.

120 REFERENCES

This section is not applicable to tﬁis SOP.




\ APPENDIX A

Figures

FIGURE 1. Teflon "Tee" Setup
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APPENDIX A - (Con't)

Figures

FIGURE 2. Summa Canistet Charging System
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APPENDIX A - (Con’t)"

Figures

FIGURE 3. Septum "Tee"” Setup’
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APPENDIX A - (Con't)

Figures

FIGURE 4. Teflon Nut with Septurh
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METHOD TO-15

Determination of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/
Mass Spectrometry (GC/MS)

1. Scope

1.1 This method documents sampling and analytical procedures for the measurement of subsets of the 97 volatile
organic compounds (VOCs) that are included in the 189 hazardous air pollutants (HAPs) listed in Title III of the
Clean Air Act Amendments of 1990. VOCs are defined here as organic compounds having a vapor pressure
greater than 10 Torr at 25°C and 760 mm Hg. Table 1 is the list of the target VOCs along with their CAS
number, boiling point, 'vapor pressure and an indication of their membership in both the list of VOCs covered
by Compendium Method TO-14A (1) and the list of VOCs in EPA's Contract Laboratory Program (CLP)
document entitled: Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites (2)..

Many of these compounds have been tested for stability in concentration when stored in specially-prepared
canisters (see Section 8) under conditions typical of those encountqred in routine ambient air analysis. The
stability of these compounds under all possible conditions is not known. However, a model to predict compound
losses due to physical adsorption of VOCs on canister walls and to dissolution of VOCs in water condensed in
the canisters has been developed (3). Losses due to physical adsorption require only the establishment of
equilibrium between the condensed and gas phases and are generally considered short term losses, (i.e., losses
_occurring over minutes to hours). Losses due to chemical reactions of the VOCs with cocollected ozone or other
gas phase species also account for some short term losses. Chemiical reactions between VOCs and sibstances
inside the canister are generally assumed to cause the gradual decrease of concentration over time (i.e., long term
losses over days to weeks). Loss mechanisms such as aqueous hydrolysis and biological degradation (4) also -
exist. No models are currently known to be available to estimate and characterize all these potential losses,
although a number of experimental observations are referenced in Section 8. Some of the VOCs listed in Title .
IIT have short atmospheric lifetimes and may not be present except near sources. :

1.2 This method applies to ambient concentrations of VOCs above 0.5 ppbv and typically requires VOC
entichment by concentrating up to one liter of a sample volume. The VOC concentration range for ambient air
in many cases iricludes the concentration at which continuous exposure over a lifetime is estimated to constitute
a 10 or higher lifetime risk of developing cancer in humans. Under circumstances in which many hazardous
VOC:s are present at 10 risk concentrations, the total risk may be significantly greater. '

1.3 This method applies inder most conditions encountered in sampling of ambient air into canisters. However,
the composition of a gas mixture in a canister, under unique or unusual conditions, will change so that the sample

is known not to be a true representation of the ambient air from which it was taken. For example, low humidity
conditions in the sample may lead to losses of certain VOCs on the canister walls, losses that would not happen
if the humidity were higher. If the canister is pressurized, then condensation of water frorn high humidity samples
may cause fractional losses of water-soluble compounds. Since the canister surface area is limited, all gases are
in competition for the available active sites. Hence an absolute storage stability cannot be assigned to a specific
gas. Fortunately, under conditions of normal usage for sampling ambient air, most VOCs can be recovered from
canisters near their original concentrations after storage times of up to thirty days (see Section 8).

1.4 Use of the Compendium Method TO-15 for many of the VOCs listed in Table 1 is likely to present two
difﬁcul_tics: (1) what calibration standard to use for establishing a basis for testing and quantitation, and (2) how
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to obtain an audit standard. In certain cases a chemical sirnilarity exists between a thoroughly tested compound
and others on the Title Il list. In this case, what works for one is likely to work for the other in terms of making
standards. HOWeVer, this is not always the case and some compound standards will be troublesome. The reader
is referred to the Section 9.2 on standards for guidance. Calibration of compounds such as formaldehyde,
diazomethane, and many of the others represents a challenge. o

1.5 ‘Compendium Method TO-15 should be considered for use when a subset of the 97 Title ITl VOCs constitute
the target list. Typical situations involve ambient air testing associated with the permitting procedures for
emission sources. In this case sampling and analysis of VOCs is performed to determine the impact of dispersing
source emissions in the surrounding areas. Othier important applications are prevalence and trend monitoring for
hazardous VOCs in urban areas and risk assessments downwind of industrialized or source-impacted areas.

1.6 Solid adsorbents can be used in lieu of canisters for sampling of VOCs, provided the solid adsorbent
packings, usually multisorbent packings in metal or glass tubes, can meet the performance criteria specified in
Compendium Method TO-17 which specifically addresses the use of multisorbent packings. The two sample
collection techniques are different but become the same upon movement of the sample from the collection
medium (canister or multisorbent tubes) onto the sample concentrator. Sample collection directly from the
atmosphere by automated gas chromatographs can be used in lien of collection in canisters or on solid adsorbents.

2. Summary of Method .

2.1 The atmosphere is sampled by introduction of air into a specially-prepared stainless steel canister. Both -

subatmospheric pressure and pressurized sampling modes use an initially evacuated canister. A pump ventilated
sampling line is used during sample collection with most commercially available samplers. Pressurized sampling
requires an additional pump to provide positive pressure to the sample canister. A sample of air is drawn through
a sampling train comprised of components that regulate the rate and duration of sampling into the pre-evacuated
and passivated canister. : _ :

2.2 After the air sample is collected, the canister valve is closed, an identification tag is attached to the éanister,
and the canister is transported to the laboratory for analysis. '

2.3 Upon receipt at the laboratory, the canister tag data is reéorded and the canister is stored until analysis.
Storage times of up to thirty days have been demonstrated for many of the VOCs (5). :

2.4 To analyze the sample, a known volume of sample is directed from the canister through a solid multisorbent
concentrator. A portion of the water vapor in the samiple breaks through the concentrator during sampling, to a
degree depending on the multisorbent composition, duration of sampling, and other factors. Water content of
the sample can be further reduced by dry purging the concentrator with helium while retaining target compounds.
After the concentration and drying steps are completed, the VOCs are thermally desorbed, entrained in a carrier
gas stream, and then focused in a small volume by trapping on a reduced temperature trap or small volume
- . multisorbent trap. The sample is then released by thermal desorption and carried onto a gas chromatographic
column for separation. ' : '

As a simple altemativc to the multisorbent/dry purge water management technique, the amount of water vapor
in the sample can be reduced below any threshold for affecting the proper operation of the analytical system by
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reducing the‘sar‘nple- size. For example, a small sample can be concentrated on a cold trap and released directly
to the gas chromatoegraphic column. The reduction in sample volume may require an enhancement of detector
sensitivity. ' : :

Other water management approaches are also acceptable.as long as their use does not compromise the attainment
of the performance criteria listed in Section I1. A listing of some commercial water management systems is
- provided in Appendix A. One of the alternative ways to dry the sample is to separate VOCs from condensate
on a low temperature trap by heating and purging the trap. -

* 2.5 The analytical strategy for Compendium Method TO-15 involves using a high resolution-gas chromatograph
(GC) coupled to a mass spectrometer: If the mass spectrometer is a linear quadrupole system, it is operated either
by continuously scanning a wide range of mass to charge ratios (SCAN mode) or by monitoring select ion

* monitoring mode (SIM) of compaunds en the target list. If the mass spectrometer is based on a standard ion trap
design, only a scanning mode is used (note however, that the Selected Ion Storage (SIS) mode for the ion trap has
features of the SIM mode). Mass spectra for individual peaks in the total ion chromatogram are examined with

‘respect to the fragmentation pattern of ions corresponding to various VOCs including the intensity of primary
and secondary jons. The fragmentation pattern is compared with stored spectra taken under similar conditions, -
in order to identify the compound. For any given compound, the intensity of the primary fragment is compared
with the system response to the primary fragment for known ameunts of the compound. This establishes the
compound concentration that exists in the sample. : : » '

Mass spectrometry is considered a more definitive identification technique than single specific detectors sich as
flame ionization detector (FID), electron capture detector (ECD), photoionization detector (PID), or a
multideteetor arrangement of these (see discussion in Compendium Method TO-14A). The use of both gas
chiromatogtaphic retention time and the generally unique mass fragmentation patterns reduce the chances for
misidentification. If the technique is supported by a comprehensive mass spectral database and a knowledgeable
operator, then the correct identification and quantification of VOCs is further enhanced.

3. Significance

3.1 Compendium Method TO-15 is sighificant in that it extends the Compendium Method TO-14A description
for using canister-based sampling and gas chromatographic analysis in the following ways:

* Compendium Method TO-15 incorporates a multisorbent/dry purge technique or equivalent (see Appendix
A) for water management thereby addressing a more extensive set of compounds (the VOCs mentioned
in Title Il of the CAAA of 1990) than addressed by Compendium Method TO-14A. Compendium
Method TO-14A approach to water management alters the structure or reduces the sample stream
concentration of some VOCs, especially water-soluble VOCs,

* Compendium Method TO-15 uses the GC/MS technique as the only means to identify and quantitate target
compounds. The GC/MS approach provides a more scientifically-defensible detection scheme which is
generally more desirable than the use of single or even multiple specific detectors. : '

* In addition, Compendium Method TO-15 establishes method performance criteria for acceptance of data,
allowing the use of alternate but equivalent sampling and analytical equipment. There are several new and
viable commercial approaches for water management as noted in Appendix A of this method on which to

base a VOC monitoring technique as well as other approaches to sampling (i.e., autoGCs and solid
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adsorbents) that are often used. This method lists performance criteria that these alternatives must meet

. to be acceptable alternatives for monitoring ambient VOCs. v :

* Finally, Compendium Method TO-15 includes efihanced provisions for inherent quality control. The
method uses interiial analytical standards and frequent verification of analytical system performance to
assure control of the analytical system. This more formal and better documented approach to quality
control guarantees a higher percentage of good data. : -

3.2 With these features, Compendium Method TO-15 is a more general yet better defined method for VOCs than

‘Compendium Method TO-14A. As such, the method can be applied with a higher confidence to reduce the
uncertainty in risk assessments in environments where the hazardous volatile gases listed-in the Title III of the
Clean Air Act Amendments of 1990 are being monitored. An emphasis on risk assessments for human health
and effects on the ecology is a current goal for the U.S. EPA. B

4. Applicable Documents
4.1 ASTM Standards

* Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.

* Methed E260 Recommended Practice Jfor General Gas Chromatography Procedures.

* Method E355 Practice for Gas Chromatography Terms and Relationships.

* Method D5466' Standard Test Method of Determination of Volatile Organic Compounds in
Atmospheres (Canister Sampling Methodology). :

4.2 EPA Documeénts

* - Quality Assurance Handbook for Adir Pollution Measurement Systems, Volume II, U. S. Environmental
Protection Agency, EPA-600/R-94-038b, May 1994, _

* Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. 8. Environmental Protection Agency, EPA-600/4—83-027, June 1983. . v

* Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: Method
T0-14, Second Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.

'~ Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites, U. S. Environmental
Protection Agency, Office of Solid Waste, Washington, D.C., Draft Report, June 1990.

* Clean Air Act Amendments of 1990, U. 8. Congress, Washington, D.C., November 1990.

5. Definitions
[Note: Deﬁnitiqns used in'this. document and any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1 356, E260, and E355.- Aside from the definitions given below,

all pertinent abbreviations and symbols are defined within this document at point of use.)

5.1 Gauge Pressur&pressur'c measured with reference to the surrounding atmospheric pressure, usually
expressed 1n units of kPa or psi. Zero gauge pressure is equal to atmospheric (barornetn'_c) pressure.

Page15-4 Compendium of Methods for Toxic Organic Air Pollutants ~ January 1999




Yoces . I . MethodTO-I5

5.2 Absolute Pressure—pressure measured with reference to absolute zero pressure; usually expressed in units
of kPa, of psi. ' ' '

5.3 Cryogen-—a refﬁgemﬁt used to obtain sub-ambient temperatures in the VOC concentrator and/or on front
of the analytical column. Typical cryogens are liquid nitrogen (bp -195.8°C), liquid argon (bp -185.7°C), and
liquid CO, (bp.-79.5°C). _ ‘

5.4 Dynamic Calibration—calibration of an analytical system using ,caiif;raﬁon gas standard concentrations
in a form identical or very similar to the samples to be analyzed and by introducing such standards into the inlet
of the sampling or analytical system from a manifold through which thie gas standards are flowing.

5.5 Dynamic Dilution—means of preparing calibration ixtures in which standard gas(es) from pressurized
cylinders are continuously blended with humidified zero air in a manifold so that a flowing stream of calibration
mixture i$ available at the inlet of the analytical system. ' '

5.6 MS-SCAN—mass spectrometric mo’de of operation in which the gas chromatograph (GC) is coupled to a
mass spectrometer (MS) programined to SCAN all ions repeatedly over a specified mass range,

5.7 MS-SIM—mass spectrometric mode of operation in which the GC is coupled to a MS that is programmed
to scan a selected number of ions repeatedly [i.¢., selected jon monitoring (SIM) mode].

5.8 Qualitative Accuracy—the degree of measurement acéuracy required to correctly identify compounds with
an analytical system. - : ‘ _

5.9 Quantitative Accuracy—the degree of measurement accuracy required to correctly measure the
concentration of an identified compound with an analytical system with known uncertainty.

5.10 Replicate Precision—precision determined from two canisters filled from the same air mass over the same
time period and determined as the absolute value of the difference between the analyses of canisters divided by
their average value and expressed as a percentage (see Section 11 for performance criteria for replicate precision).

5.11 Dupljcate Precision—=precision determined from the analysis of two samples taken from the same canister.
The duplicate precision is determhined as the absolute value of_ the difference between the canister analyses divided
by their average value and expressed as a percentage. :

5.12 Audit Accuracy—the difference between the analysis of a sample provided m an audit canister and the
- nominal value as determined by the audit authority; divided by the audit value and expressed as a percentage (see -
Section 11 for performance criteria for audit accuracy). ' A

6. Interferences and Contamination

6.1 Very volatile compounds, such as chloromethane and vinyl chloride can display peak broadening and
co-elution with other species if the compounds are not delivered to the GC colurri in a small volunie of carrier
gas. Refocusing of the sample after collection on the primary trap, either on a separate focusing trap or at the
. head of the gas chromatographic column, mitigates this problem. L '
. ) .
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6.2 Interferences ifi canister samples may tesult from improper use or from contamination of: (1) the canisters
due to poor manufacturing practices, (2) the canister cleaning apparatus, and (3) the sampling or analytical
‘system. Attention to. the following details will help to minimize the possibility of contamination of canisters.

6.2.1 Canisters should be manufactured using high quality welding ‘and cleaning techniques, and new
- canisters should be filled with humidified zero air and then analyzed, after “aging” for 24 hours, to determine
cleanliness. The cleaning apparatus, sampling system, and analytical system should be assembled of clean, high
quality components and each system should be shown to be free of contamination.

. 62.2 Canisters should be stored in a contaminant-free location and should be capped tightly during shipment
to prevent leakage and minimize any compromise of the sample. . ' . : _

6.2.3 Impurities in the calibration dilution gas (if applicable) and carrier gas, organic compounds out-gassing
from the system components ahead of the trap, and solvent vapors in the laboratory account for the majority of
contamination problems. The analytical system must be demonstrated to be free from contamination under the
conditions of the analysis by running humidified zero air blanks. The use of non-chfomatographic grade stainless
steel tubing, non-PTFE thread sealants, or flow controllers with Buna-N rubber components must be avoided.

6.2.4 Significant contamination of the analytical equipment can occur whenever samiples containing high
VOC concentrations are analyzed. This ifi turn can result in carryover contamination in subsequent analyses.
Whenever a high concentration (>25 ppbv of a trace species) sample is encountered, it should be followed by
an analysis of humid zero air to check for carry-over contamination. o '

6.2.5 In cases when solid sorbents are used to concentrate the sample prior to analysis, the sorbents should .
be tested to identify artifact formation (se¢ Compendium Method TO-17 for more information on artifacts).

- 7. Apparatus and Reagents

[Note: Compendium Method To-144 list more specific requiréments Jor sampling and analysis apparatus

which may be of help in identifying options. The listings below are generic.]
7.1 Sampling Apparatus

[Note: Subatmospheric pressure and pressurized canister sampling systems are commercially available and
have been used as part of U.S. Environmental Protection Agency's Toxic Air Monitoring Stations ( TAMS),
Urban Air T axic Monitoring Program (UATMP), the non-methane organic compound (NMOC) sampling and
analysis program, and the Photochemical Assessment Monitoring Stations (PAMS).] '

7.1.1 Subatmospheric Pressure (see Figure 1, without metal bellows type pump).

7.1.1.1 Sampling Inlet Line. Stainless steel tubing to connect the sampler to the sample inlet. -

7.1.1.2 Sample Canister. Leak-free stainless steel pressure vessels of desired volume (e.g., 6 L), with
valve and specially prepared interior surfaces (see Appendix B for a listing of known manufacturers/resellers of
canisters). . o ’
7.1.1.3 Stainless Steel Vacuam/Pressure Gauges. Two types are required, one capable of measuring
vacuum (-100 to 0 kPa or 0 to - 30 in Hg) and pressure (0~206 kPa or 0-30 psig) in the sampling system and
a second type (for checking the vacuum of canisters during cleaning) capable of measuring at 0.05 mm Hg (see
Appendix B) within 20%. Gauges should be tested clean and leak tight. '

7.1.1.4 Electronic Mass Flow Controller. Capable of maintaining a constant flow rate (£ 10%) over
a sampling period of up to 24 hours and under conditions of changing temperature (20-40°C) and hurnidity.

7.1.1.5 Particulate Matter Filter. 2-um sintered stainless steel in-line filter. A
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7.1.1.6 Electronic Timer. For unattended sainple collection. ,

7.1.1.7 Solenoid Valve. Electrically-operated, bi-stable solenoid valve with Viton® seat and O-rings. A
Skinner Magnelatch valve is used for purposes of illustration in the text (see Figure 2). -

7.1.1.8 Chromatographic Grade Stainless Steel Tubing and Fittings. For interconnections. All such
materials in contact with sample, ahalyte, and support gases prior to analysis should be chromatographic grade
stainless. steel or equivalent. . ' '

7.1.1.9 Thermostatically Controlled Heater. To maintain above ambient temperature inside insulated
sampler enclosure. : .

7.1.1.10 Heater Thermostat. Automatjcally regulates heater temperature.

7.1.1.11 Fan. For cooling sampling system. _

7.1.1.12 Fan Thermostat. Automatically regulates fan operation. :

7.1.1.13 Maximum-Minimum Thermometer. Records highest and lowest temperatures during sampling
period. ' - :
7.1.1.14 Stainless Steel Shut-off Valve. Leak free, for vacuum/pressure gauge.

7.1.1.15 Auxiliary Vacuum Pump. Continuously draws air through the inlet manifold at 10 L/min. or
higher flow rate. Sample is extracted from the manifold at a lower rate, and excess air is exhausted.

[Note: The use of higher inlet flow rates dilutes any contamination present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorption sites on inlet walls.]

7.1.1.16 Elapsed Time Meter. Measures duration of sampling.
7.1.1.17 Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve. May be used in lieu
of the electronic flow controller for grab samples or short duration time-integrated samples. Usually appropriate
only in situations where screening samples are taken to assess future sampling activity.
7.1.2 Pressurized (see Figure 1 with metal bellows type pump and Figure 3). o
- 7.1.2.1 Sample Pump. Stainless steel, metal bellows type, capable of 2 atmospheres output pressure.
Pump must be free of leaks, clean, and uncontaminated by il or organic compounds.

[Note: An alternative sampling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 N.W. Walker Rd., Beaverton, Oregon 97006, 503-690-1077, and
is illustrated in Figure 3. This flow system uses, in order, a pump, a mechanical flow regulator, and a
mechanical compensation flow restrictive device. In this configuration the pump is purged with a large
sample flow, thereby eliminating the need for an auxiliary vacuum pump to flush the sample inlet. ]

7.1.2.2 Other Supporting Materials. All other components of the pressurized sampling system are
similar to components discussed in Sections 7.1.1.1 through7.1.1.17. :

7.2 Analytical Apparatus

7.2.1 Sampling/Concentrator System (many commercial alternatives are available).

~ 7.2.1.1 Electronic Mass Flow Controllers. Used to maintain constant flow (for purge gas, carrier gas
and sample gas) and to provide an analog output to monitor flow anomalies. '

~7.2.1.2 Vacuum Pumip. General purpose laboratory pump, capable of reducing the downstream pressure

‘of the flow controller to provide the pressure differential necessary to maintain controlled flow rates of sample . -
air.. '
7.2.1.3 Stainless Steel Tubing and Stainless Steel F ittings. Coated with fused silica to minimize active
adsorption sites.

;-
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7.2.1.4 Stainless Steel Cylinder Pressure Regulators. Standard, two-stage cylinder regulators with
pressure gauges. ' ‘

7.2.1.5 Gas Purifiers. Used to remove organic itnpurities and moisture from gas streams,

7.2.1.6 Six-port Gas Chromatographic Valve. For routing sample and carrier gas flows.

7.2.1.7 Multisorbent Concentrator. Solid adsorbent packing with various retentive properties for
adsorbing trace gases are commercially available from several sources. The packing contains more than one type

. of adsorbent packed in series. ‘ :

7.2.1.7.1A pre-packed adsorbent trap (Supelco 2-0321) containing 200 mg Carbopack B (60/80 mesh)

- and 50 mg Carbosieve S-II (60/80 mesh) has been found to retain VOCs and allow some water vapor to pass
through (6). The addition of a dry purging step allows for further water removal from the adsorbent trap. The
steps constituting the dry purge technique that are normally used with multisorbent traps are. illustrated in
'Figure 4. The optimum trapping and dry pufging procedure for the Supelco trap consists of a sample volume of
320 mL and a dry nitrogen purge of 1300 mL. Sample trapping and drying is carfied out at 25°C. The trap is
back-flushed with helium and heated to 220°C to transfer material onto the GC column, A trap bake-out at
260°C for 5 minutes is conducted after each run. ‘ : . .

7.2.1.7.2An example of the effectiveness of dry purging is shown in Figure 5. The multisorbent used in
this case is Tenax/Ambersorb 340/Charcoal (7). Approximately 20% of the initial water content in the sample
remains after sampling 500 mL of air. The detector response to water vapor (hydrogen atoms detected by atomic
emission detection) is plotted versus purge gas volume. 'Additional water reduction by a factor of 8 is indicated
at temperatures of 45°C or hiigher. Still further water reduction is possible using a two-stage concentration/dryer
system, : , _ :

7.2.1.8 Cryogenic Concentrator. Compléte units are commercially available from several vendor

sources. The characteristics of the latest concentrators include a rapid, "ballistic" heating of the concentrator to

release any trapped VOCs into a small carrier gas volume. This facilitates the separation of compounds on the
gas chromatographic column. - ' :
7.2.2 Gas Chromatographic/Mass Spectrometric (GC/MS) System.

“7.2.2.1 Gas Chromatograph. The gas chromatographic (GC) system must be capable of temperature
programming. The column oven can be cooled to subambient temperature (e.g., -50°C) at the start of the gas
chromatographic run to effect a resolution of the very volatile organic compounds. In other designs, the rate of .
_ release of compounds from the focusing trap in a two stage system obviates the rieed for retrapping of compounds
on the column. The system must include or be interfaced to a.concentrator and have all required accessories
including analytical columns and gases. All GC carrier gas lines must be constructed from stainless steel or
copper tubing. Non-polytetrafluoroethylene (PTFE) thread sealaits or flow controllers with Buna-N rubber
components must not.be used. o :

7.2.2.2 Chromatographic Columns. 100% methyl silicone or 5% phenyl, 95% methyl silicone fused
silica capillary columns of 0.25< to 0.53-mm LD. of varying lengths are recommended for separation of many
of the possible subsets of target compounds involving nonpolar cotpounds. However, considering the diversity

of the farget list, the choice is left to the operator subject to the perforinance standards given in Section 11.

7223 Mass Spectrometer. FEither a linear quadrupole or ion trap mass spectrometer can be used as long
as it is capable of scanning from 35 to 300 amu every 1 second or less, utilizing 70 volts (nominal) electron
energy in the electron impact ionization mode, and producing a mass spectrum which meets all the instrument
performance acceptance criteria when 50 ng or less of p-bromofluorobenzene (BFB) is analyzed.

7.2.2.3.1Linear Quadritpole Technology. A simplified diagram of the heart of the quadrupole mass
spectrometer 1s shown in Figure 6. The quadrupole consists of a parallel set of four rod electrodes mounted in

a square configuration, The field within the analyzer is created by coupling opposite pairs of rods together and

applying radiofrequency (RF) and direct current (DC) poteritials between the pairs of rods. Ions created in the

ion source from the reaction of column eluates with electrons from the electron source are moved through the
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parallel array of rods under the influence of the generated field. Ions which are successfully transmitted through
the quadrupole are said to possess stable trajectories and are subsequently recorded with the detection system.
When the DC potential is zero, a wide band of m/z values is transmitted through the quadrupole. This "RF only"
mode is referred to as the "total-ion" mode. In this mode, the quadrupole acts as a strong focusing lens analogous
to a high pass filter. The amplitude of the RF determines the low mass cutoff. A mass spectrum is generated by
scanning the DC and RF voltages using a fixed DC/RF ratio and a constant drive frequency or by scanning the -
frequency and holding the DC and RF constant. With the quadrupolé system only 0.1 to 0.2 percent of the ions
formed in the ion source actually reach the detector. ' _ .
7.2.2.3.2Ion Trap Technology. An ion-trap mass spectrometer consists of a chamber formed between
two metal surfaces in the shape of a hyperboloid of one sheet (ring electrode) and a hyperboloid of two sheets
" (the two end-cap electrodes). Ions afe created within the chamber by electron impact from an electron beam
admitted through a small aperture in one of the end caps. Radio frequency (RF) (and sometimes direct current
voltage offsets) are applied between the ring electrode and the two end-cap electrodes establishing a quadrupole
electric field. This field is uncoupled in three directions so that ion motion can be considered independently in
each direction; the force acting upon an ion increases with the displacement of the ion from the center of the field
but the direction of the force depends on the instantaneous voltage applied to the ring electrode: A restoring force
along one coordinate (such as the distarce, r, from the ion-trap's axis of radial symmetry) will exist concurrently
with a repelling force along another coordinate (such as the distance, z, along the ion traps axis), and if the field
were static the ions would eventually strike an electrode, However, in an RF field the force al_bng‘each coordinate
alternates direction so that a stable trajectory may be possible in which the ions do not strike a surface. In
practice, ions of appropriate mass-to-charge ratios may be trapped within the device for periods of milliseconds
. to hours. A diagram of a typical ion trap is illustrated in Figure 7. Analysis of stored ions is performed by
 increasing the RF voltage, which makes the ions successively unstable. The effect of the RF voltage on the ring
electrode is to "squeeze" the ions in the Xy plane so that they move along the z axis. Half the ions are lost to the
top cap (held at ground potential); the remaining ions exit the lower end cap to be detected by the electron
multiplier. As the energy applied to the ring electrode is increased, the ions are collected in order of increasing
mass to produce a conventional mass spectrum. With the ion trap, approximately 50 percent of the generated
ions are detected. Asa result, a significant increase in sensitivity can be achieved wheri compared to a full scan
linear quadrupole system. .
7.2.2.4 GC/MS Interface. Any gas chromatograph to mass spectrometer interface that gives acceptable
calibration points for each of the analytes of interest and can be used to achieve all acceptable performance
criteria may be used. Gas chromatograph to mass spectrometer interfaces constructed of all-glass, glass-lined,
or fused silica-lined materials are recommended. Glass and fused silica should be deactivated. o
7.2.2.5 Data Systeni. The computer system that is interfaced to the mass spectrometer must allow the
continuous acquisition and storage, en machine readable media, of all. mass spectra obtained thtoughout the
duration of the chromatographic program. The computer must have software that allows searching any GC/MS
data file for jons of a specified mass and plotting such ion abundances versus time or scan number. This type
of plot is defined as a Selected Ion Current Profile (SICP). Software must also be available that allows integrat-
ing the abundance in any SICP between specified time or scan number limits. Also, software must be available
that allows for the comparison of sample spectra with reference library 'spectra. The National Institute of
Standards and Technology (NIST) or Wiley Libraries or equivalent are recommended as reference libraries.
7.2.2.6 Off-line Data Storage Device. Device must be capable of rapid recording and retrieval of data
and must be suitable for long-term, off-line data storage. '
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7.3 Calibration System and Manifold Apparatus (see Figure 8)

7.3.1 Calibration Manifold. Stainless steel, glass, or high purity quartz manifold, (e.g.,1.25-cm LD, x
66-cm) with sampling ports and internal baffles for flow disturbance to ensure proper mixing. The manifold .
should be heated to ~50°C. : :

7.3.2 Humidifier. 500-mL impinger flask containing HPLC grade deionized water.

. 133 Electroﬁi’c Mass Flow Controllers. One 0 to 5 L/min unit and one or more 0.to 100 mI/min units
for air, depending on number of cylinders in use for calibration. ‘

7.3.4 Teflon Filter(s). 47-mm Teflon® filter for particulaté collection.

7.4 Reagents

7.4.1 Neat Materials or Manufacturer-Certified Solutions/Mixtures. Best source (see Section 9.
7.4.2 Helium and Air. Ultra-high purity grade in gas cylinders. He is used as carrier gas in the GC.
7.4.3 Liquid Nitrogen or Liquid Carbon Dioxide. Used to cool secondary trap. _
7.4.4 Deionized Water. High perforinance liquid chromatography (HPLC) grade, ultra-high purity (for
humidifier). : ' :

8. Collection of Samples in Canisters
8.1 Introduction

8.1.1 Canister samplers, sampling procedures, and canister cleaning procedures have not changed very much
from the description given in the original Compendium Method TO-14, Much of the material in this section is
therefore simply a restatement of the material given in Compendium Method TO-14, repeated here in order to
have all the relevant information in one place. S : .

8.1.2 Recent notable additions to the canister technology has been in the application of canister-based
systems for example, to microenvironmental monitoring (8), the capture of breath samples (9), and sector
sampling to identify emission sources of VOCs (10). ‘

8.1.3 EPA has also sponsored the development of a mathematical model to predict the storage stability of
- arbitrary mixtures of trace gases in humidified air (3), and the investigation of the SilcoSteel™ process of coating
the canister interior with a film of fused silica to reduce surface activity (11). A recent summary of storage
stability data for VOCs in canisters is given in the open literature (5). :

8.2 Sampling System Description

8.2.1 Subatmospheric Pressure Sampling [see Figure 1 (without metal bellows type pump)].

8.2.1.1 In preparation for subatmospheric sample collection in a canister, the canister is evacuated to
0.05 mm Hg (see Appendix C for discussion of evacuation pressure). When the canister is opened to the
atmosphere containing the VOCs to be sampled, the differential pressure causes the sample to flow into the
canister. This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-weighted-
average (TWA) samples (duration of 1-24 hours) taken through a ﬂow-restri_cti_ve inlet (e.g.; mass flow controller,
cfitical orifice). : o

8.2.1.2 With a critical orifice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow controller, the subatmospheric sampling system can
maintain a constant flow rate from full vacuum to within about 7 kPa (1.0 psi) or less below ambient pressure.
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'8.2.2  Pressurized Sampling [see Figure 1 (with metal bellows type pump)].
8.2.2.1 Pressurized sampling is used when longer-term integrated samples or higher volume samples are
required. The sample is collected in a canister using a pump and flow control arrangement to achieve a typical
101-202 kPa (15-30 psig) final canister pressure. For example, a 6-liter evacuated canister can be filled at 10
mL/mih for 24 hours to achieve a final pressure of 144 kPa (21 psig).
8.2.2.2 In pressurized canister sampling, a metal bellows type pump draws in air from the sampling
manifold to fill and pressurize the sample canister. '

8.2.3 All Samplers. _ | '
8.2.3.1 A flow control device is chosen to maintain a constant flow into the canister over the desired

sample period. This flow rate is determined so the canister is filled (to about 88.1 kPa for subatmospheric
pressure sampling or to about one atmosphere above ambient pressure for pressurized sampling) over the desired
sample period. The flow rate can be calculated by: 4
‘ PxV
T x 60

where:
F = flow rate, mL/min. ' . _ B
P = final canister pressure, atmospheres absolute. P is approximately equal to

kPa gauge
101.2

V = volume of the canister, mL.
T = sample period, hours.

.For example, if a 6-L canister is to be filled to 202 kPa (2 atmospheres) absolute pressure in 24 hours, the flow
rate can be calculated by: : ‘ .

8.2.3.2 For autornatic operation, the timer is designed to start and stop the pump at appropriate times for
the desired sample period. The timer must also control the solenoid valve, to open the valve when starting the
pump and to close the valve when stopping the pump. . :

8.2.3.3 The use of the Skinner Magnelatch valve (see Figure 2) avoids any substantial temperature rise
that would occur with a conventional, normally closed solenoid valve that would have to be energized during the
entire sample period. The temperature rise in the valve could cause outgassing of organic comipounds from the
Viton® valve seat material. The Skinner Magnelatch valve requires only a brief electrical pulse to open or close
at the appropriate start and stop times and therefore experiences no temperature increase. The pulses may be
obtained either with an electronic timer- that can be programmed for short (5 to 60 seconds) ON petiods, or with
a conventional mechanical timer and a special pulse circuit. A simple electrical pulse circuit for operating the -
Skinner Magnelatch solenoid valve with a conventional mechanical timer is illustrated in Figure 2(a). However,
with this simple circuit, the valve may operate unreliably during brief power interruptions or if the timer is
manually switched on and off too fast. A better circuit incorporating a time-delay relay to provide more reliable
valve operation is shown in Figure 2(b). ‘ ' 3
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. 8.2.3.4. The connecting lines betweei the sample inlet and the canister should be as short as possible to
minimize their volume. The flow rate into the canister shoild remain relatively constant over the entire sampling
riod. : :
. 8.2.3.5 Asan option, a second electronic timer may be used to start the auxiliary pump several hours prior
to the sampling period to flush and coridition the inlet linie. .
8.2.3.6 Prior to field use, each sampling system must pass a humid zero air certification (see .
Section 8.4.3). All plumbing should be checked carefully for leaks. The canisters must also pass a humid zero
air certification before use (see Section 8.4.1).

8.3 Sampling Procedure , o

8.3.1 The sample canister should be cleaned arid tested aceording to the procedure in Section 8.4.1.
8.3.2 A sample collection system is assembled as shown in Figures I and 3 and must be cleaned according
to the procedure outlined in Sections 8.4.2 and 8.4.4. : :

[Note: The sampling system should be contained in an appropn'ate enclosure.]

8.3.3 Prior to locating the sampling system, the user may want to perform "screening analyses" using a
-portable GC system, as outlined in Appendix B of Compendium Method TO-14A, to determine potential volatile
organics present and potential "hot spots.” The information gathered from the poitable GC screening analysis
would be used in developing a monitoring protocol, which includes the sampling system location, based upon the
"screening analysis" results. _ ‘ :

8.3.4 After "screening analysis," the sampling system is located. Temperatures of ambient air and sampler
- box interior are recorded on the canister sampling field test data sheet (FTDS), as.documented in Figure 9.

[Note: The following discussion is related to Figure 1]
8.3.5 To verify correct sample flow, a "practice" (evacuated) canister is used in the sampling systetﬁ.

[Note: For a subatmospheric sampler, a flow meter and practice canister are needed. For the pump-driven
System, the practice canister is not needed, as the flow can be measured at the outlet of the system.]

A certified mass flow meter is attached to the inlet line of the manifold, just in front of the filter. The canister

is opened. The sampler is turned on and the reading of the certified mass flow meter is compared to the sampler
mass flow controller. The values should agree within £10%. If not, the sampler mass flow meter needs to be
recalibrated or there is a leak in the s'ystem.‘ This should be investigated and corrected.

[Note: Mass flow meter readings may drift. Check the zero reading carefully and add or subtract the zero
reading when reading or adjusting the sampler flow rate to compensate for any zero drift.]

After 2 minutes, the desired canister flow rate is adjusted to the proper value (as indicated by the certified mass
flow meter) by the sampler flow control unit controller (e-g., 3.5 mL/min for 24 hr; 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE" on the FTDS. :

8.3.6 The sampleris turned off and the elapsed time meter is reset to 000.0. -

[Note: Whenever the sampler is turned off, wait at least 30 seconds to turn the sampler back on.]
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8.3.7 The "practice" canister and certified mass flow meter are disconnected and a clean certified (see
Section 8.4.1) canister is attached to the system. S

8.3.8 The canister valve and vacuum/pressure gauge valve are opened.

8.3.9 Pressure/vacuum in the canister is recorded on the canister FTDS (see Figure 9) as indicated by the
sampler vacuum/pressure gauge. . _ _

8.3.10 The vacuum/pressure gauge valve is closed and the maximum-minimum thermometer is reset to
current temperature. Time of day and elapsed time meter readings are recorded on the canister FTDS.

8.3.11 The electronic timer is set to start and stop the sampling period at the appropriate times. Sampling
starts and stops by the programmed electronic timer. : v a

8.3.12 After the desired sampling period, the maximum, minimum, current interior temperature and current
ambient temperature are recorded on the FTDS. The current reading from-the flow controller is recorded.

'8.3.13 At the end of the sampling period, the vacuum/pressure gauge valve on the sampler is briefly opened

and closed and the pressure/vacuuth is recorded on the FTDS. Pressure should be close to desired pressure.

[Note: For a subatmospheric sampling system, if the canister is at atmospheric pressure when the field final
pressure check is performed, the sampling period may be suspect. This information should be noted on the
sampling field data sheet.] ' :

Time of day and elapsed time meter readings are also recorded.

8.3.14 The canister valve is closed. The sampling line is disconnected from the canister and the canister is
removed from the system. For a subatmospheric system, a certified mass flow meter is once again connected to
the inlet manifold in front of the in-line filter and a "practice" canister is attached to the Magnelatch valve of the.
sampling system. The final flow rate is recorded on the canister FTDS (see Figure 9). '

[Note: For a pressurized system, the final flow may be measured directly ]

The sampler is turned off. :

8.3.15 An identification tag is attached to the canister. Canister serial number, sample number, location, and
date, as a minimum, are recorded on the tag. The canister is routinely transported back to the analytical
laboratory with other canisters in a canister shipping case.

8.4 Cleaning and Certification Program

-8.4.1 Canister Cleaning and Certification. : :
8.4.1.1 All canisters must be clean and free of any contaminants before sample collection.
8.4.1.2 All canisters are leak tested by pressutizing them to approximately 206 kPa (30 psig) with zero

air. . ‘ '

[Note: The canister cleaning system in Figure 10 can be used for this task.]

The initial pressure is measured, the canister valve is closed, and the final pressure is checked after 24 hours. If
acceptable, the pressure should not vary more than + 13.8 kPa (+ 2 psig) over the 24 hour period. -

8.4.13 A canister cleaning system may be assemnbled as illustrated in Figure 10. Cryogen is added to both
the vacuum pump and zero air supply traps. The canister(s) are connected to the manifold. The vent shut-off
valve and the canister valve(s) are opened to release any remaining pressure in the canister(s). The vacuum pump
s started aiid the vent shut-off valve is then closed and the vacuum shut-off valve is opened. The canjster(s) are
evacuated to <0.05 mm Hg (see Appendix B) for at least 1 houir.
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[Note: On a daily basis or more often if necessary, the éiyogeﬁic traps should be purged with zero air to .
remove any trapped water from previous canister cleaning cycles.]

. Air released/evacuated from canisters should be diverted to a fume hood. v
8.4.1.4 The vacuum and vacuum/pressure gauge shut-off valves are closed and the zero air shut-off valve
is opened to pressurize the canister(s) with humid zero air to approximately 206 kPa (30 psig). If a zero gas
generator system is used, the flow rate may need to be limited to maintain the zero air quality.
8.4.1.5 The zero air shut-off valve is closed and the canister(s) is allowed to verit down to atmospheric
_pressure through the vent shut-off valve. The vent shut-off valve is closed. Repeat Sections 8.4.1.3 through
* 8.4.1.5 two additional times for a total of three (3) evacuation/pressurization cycles for each set of canisters.” -
8:4.1.6 Atthe end of the evacuation/pressurization cycle, the canister is pressurized to 206 kPa (30 psig)
with humid zero air. The canister is then analyzed by a GC/MS analytical system. Any canister that has not
tested clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should
notbeused. Asa "blank" check of the canister(s) and cleanup procedure, the final humid zero air fill of 100%
of the canisters is analyzed until the cleanup system and canisters are proven reliable (less than 0.2 ppbv of any _
target VOCs). The check can then be reduced to a lower percentage of canisters.

'8.4.1.7 The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm Hg (see
Appendix B) and remains in this condition until used. The canister valve is closed. The canister is removed from
the cleaning system and the canister connection is capped with a stainless steel fitting. The canister is now ready
for collection of an air sample. An identification tag is attached to the inlet of each canister for field notes and
chain-of-custody purposes. An alternative to evacuating the canister at this point is to store the canisters and
reevacuate them just prior to the next use. S

8.4.1.8 As an option to the humid zero air cleaning procedures, the canistets are heated in an isothermal
oven not to exceed 100°C during evacuation of the canister to ensure that higher molecular weight compounds
are not retained on the walls of the canister.

~ [Note: For sampling more complex VOC mixtures the canisters should be heated to higher temperatures
during the cleaning procedure although a special high temperature valve would be needed].

Once heated, the canisters are evacuated to <0.05 mm Hg (see Appendix B) and maintained there for 1 hour. At
the end of the heated/evacuated cycle, the canisters are pressurized with humid zero air and analyzed by a GC/MS
system after a minimum of 12 hrs of "aging." Any canister that has not tested clean (less than 0.2 ppbv each of
targeted compounds) should not be used. Once tested clean, the canisters are reevacuated to <0.05 mm Hg (see
Appendix B) and remain in the evacuated state until used. As noted in Section 8.4.1.7, reevacuation can occur
just prior to the next use. o ' : '
8.4.2 Cleaning Sampling System Components.
,  8.4.2.1 Sample components are disassembled and cleaned before the sampler is assembled. Nonmetallic
- parts are rinsed with HPLC grade deionized water and dried in a vacuum oven at 50°C. Typically, stainless steel
parts and fittings are cleaned by placing them in a beaker of methanol in an ultrasonic bath for 15 minutes. This
procedure is repeated with hexane as the solvent. _ ‘
8.4.2.2 The parts are then rinsed with HPLC grade deionized water and dried in a vacuuim ovenat 100°C
for 12 to 24 hours. '
8.4.2.3 Once the sampler is assembled, the entire system 15 purged with humid zero air. for 24 hours.
8.4.3 Zero Air Certification. ‘ ~
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[Note: In the following sections, “certification” is defined as evaluating the sampling system with humid zero
air and humid calibration gases that pass through all active components of the sampling system. The system
is "certified" if no significant additions or deletions (less than 0.2 ppbv each of target compounds) have
occurred when challenged with the test gas stream.]

8.4.3.1 The cleanliness of the sampling system, is determined by testing the sampler with humid zero air
without an evacuated gas sampling canister, as follows. ' '

8.4.3.2 The calibration system and manifold are assembled, as illustrated in Figure 8. The sampler
(without an evacuated gas canister) is connected to the manifold and the zero air cylinder is activated to generate
a humid gas stream (2 L/min) to the calibration manifold [see Figure 8(b)]. _ ‘

8.4.3.3 The humid zero gas stream passes through the calibration manifold, through the sampling system
(without an evacuated canister) to-the water management system/VOC preconcentrator of an analytical system.

[Note: The exit of the sampling system (without the canister) replaces the canister in Figure 11 J

After the sample volume (e.g., 500 mL) is preconcentrated on the trap, the trap is heated and the VOCs are
thermally desotbed and refocussed on a cold trap. This trap is heated and the VOCs are thermally desorbed onto
the head of the capillary column. The VOCs are refocussed prior to gas chromatographic separation. Then, the .
oven temperature (programmed) increases and the VOCs begin.to elute and are detected by a GC/MS (see
Section 10) system. The analytical system should not detect greater than 0.2 ppbv of any targeted VOCs in order
for the sampling system to pass the humid zero air certification test. Chromatograms (using an FID) of a certified
sampler and contaminated sampler are illustrated in Figures 12(a) and 12(b), respectively. If the sampler passes
the humid zero air test, it is then tested with humid calibration gas standards containing selected VOCs at
concentration levels expected in field sampling (e.g., 0.5 to 2 ppbv) as outlined in Section 8.4.4.

8.44 Sampler System Certification with Humid Calibration Gas Standards from a Dynamic
Calibration System : :

-8.4.4.1 Assemble the dynamic calibration system and manifold as illustrated in Figure 8.

8.4.4.2 Verify that the calibration system is clean (less than 0.2 ppbv of any target compounds) by
sampling a humidified gas stream, without gas calibration standards, with a previously certified clean canister
(see Section 8.1). _ ' o ' :

8.4.4.3 The assembled dynamic calibration system is certified clean if less than 0.2 ppbv of any targeted
compounds is found. .

8.4.4.4 For generating the humidified calibration standards, the calibration gas cylinder(s) containing
nominal concentrations of 10 ppmv in nitrogen of selected VOCs is attached to the calibration system as
illustrated in Figure 8. The gas cylindets are opened and the gas mixtures are passed through 0 to 10 mL/min
certified mass flow controllers to generate ppb levels of calibration standards.

8.4.4.5 After the appropriate equilibrium period, attach the samplihg system (containing a certified
evacuated canister) to the manifold, as illustrated in Figure 8(b).

8.4.4.6 Sample the dynamic calibration gas streain with the sampling system.

8.44.7 Concurrent with the sampling system operation, realtime monitoring of the calibration gas stream
is accomplished by the on-line GC/MS analytical system [Figure 8(a)] to provide reference concentrations of
generated VOCs. o S '

8.4.4.8 At the end of the sampling period (normally the same time period used for experiments), the
sampling system canister is analyzed and compared to the reference GC/MS analytical system to-determine if the
concentration of the targeted VOCs was increased or decreased by the sampling system. '

8.4.4.9 A recovery of between 90% and 110% is expected for all targeted VOCs.

8.4.5 Sampler System Certification without Compressed Gas Cylinder Standards.
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8.4.5.1 Not all the gases on the Title III list are available/compatible with compressed gas standards. In
these cases satmpler certification must be approached by different means.

8.4.5.2 Definitive guidance is not currently available in these cases; however, Section 9.2 lists several ways
to generate gas standards. In general, Compendium Method TO-14A compounds (see Table 1) are available
commercially as compressed gas standards. R

9. GC/MS Analysis of Volatiles from Canisters
9.1 Introduction

9.1.1 The analysis of canister samples is accomplished with a GC/MS system. Fused silica capillary columns
are used to achieve high temporal resolution of target compounds. Linear quadrupole or ion trap mass
spectrometers are employed for compound detection. The heart of the system is composed of the sample inlet
concentrating device that is needed to increase sample loading into a detectable range. Two examples of
concentrating systems are discussed. Other approaches are acceptable as long as they are compatible with
achieving the system performance criteria given in Section 11. o :

9.1.2 With the first technique, a whole air sample from the canister is passed through a multisorbent packing
(including single adsorbent packings) contained within a metal or glass tube maintained at or above the
surrounding air temperature. Depending on the Water retention properties of the packing, some or most of the
water vapor passes completely through the trap during sampling. Additional drying of the sample is
accomplished after the sample concentration is completed by forward purging the trap with clean, dry helium or
another inert gas (air is not used). The sample is then thermally desorbed from the packing and backflushed from .
the trap onto a gas chromatographic column. In some systems a "refocusing” trap is placed between the primary
trap and the gas chromatographic column. The specific system design downstream of the primary trap depends
on technical factors such as the rate of thermal desorption and sampled volume, but the objective in most cases
is to enhance chromatographic resolution of the individual sample components before detection on 4 mass
spectrometer. ' ' , ‘

9.1.3 Sample drying strategies depend on the target list of compounds. For some target compound lists, the
multisorbent packing of the concentrator can be selected from hydrophobic adsorbents which allow a high
percentage of water vapor in the sample to pass through the concentrator during sampling and without significant
- loss of the target compounds. However, if very volatile ofganic compounds are on the target list, the adsorbents
required for their retention fhay also strongly retain water vapor and a more lengthy dry purge is necessary priof
to analysis. ' :

9.1.4 With the second technique, a whole air sample is passed through a concentrator where the VOCs are
condensed on a reduced temperature surface (cold trap). Subsequently, the condensed gases are thermally
desorbed and backflushed from the trap with an inert gas onto a gas chiromatographic column. This concentration
technique is similar to that discussed in Compendium Method TO-14, although a membrane dryer is not used.
The sample size is reduced in voluine to limit the amount of water vapor that is also collected (100 mL or less
may be necessary). The attendant reduction in sensitivity is offset by enhancing the sensitivity of detection, for
example by using an ion trap-detector. _
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9.2 Preparation of Stanvdards'

9.2.1 Introduction. A
9.2.1.1 When available, standard mixtures of target gases in high pressure cylinders must be certified
traceable to a NIST Standard Reference Material (SRM) or to a NIST/EPA approved Certified Reference
Material (CRM). Manufacturer's certificates of analysis must be retained to track the expiration date.

- 9.2.1.2 The neat standards that are used for making trace gas standards must be of high purity; generally
a purity of 98 percent or better is commercially available.

' 9.2.1.3 Cylinder(s) containing approximately 10 ppmv of each of the target compounds are typiéal]y used
as primary stock standards. The components may be purchased in one cylinder or in separate cylinders depending
on compatibility of the compounds and the pressure of the mixture in the cylinder. Refer to manufacturer's
specifications for guidance on purchasing and mixing VOCs in gas cylinders. S
9.2.2 Preparing Working Standards. : ,

9.2.2.1 Instrument Performance Check Standard. Prepare a standard solution of BFB in humidified
zero air at a concentration which will allow collection of 50 ng of BFB or less under the optimized concentration.
parameters. . :

9.2.2,2 Calibration Standards. Prepare five working calibration standards in humidified zero air ata
concentration which will allow collection at the 2, 5, 10, 20, and 50 ppbv level for each component under the
optimized concentration parameters. ’ _

9.2.2.3 Internal Standard Spiking Mixture. Prepare an. internal spiking mixture containing bromo=
chloromethane, chlorobenzene-d,, and 1,4-diflucrobenzene at 10 ppritv each in humidified zero air to be added
to the sample or calibration standard. 500 pL of this mixture spiked into 500 mL of sample will result in a
concentration of 10 ppbv. The internal standard is introduced into the trap during the collection time for all
calibration, blank, and sample analyses using the apparatus shown in Figure 13 or by equivalent means. The
volume of internal standard spiking mixture added for each analysis must be the same from run to run.

9.2.3 Standard Preparation by Dynamic Dilution Technique. o

9.2.3.1 Standards may be prepared by dynamic dilution of the gaseous contents of a cylinder(s) containing
the gas calibration stock standards with humidified zero air using mass flow controllers and a calibration
manifold. The working staridard may be delivered from the manifold to a clean, evacuated canister using a pump
and mass flow controller. : ‘

. 9.2.3.2 Altematively, the-analytical system may be calibrated by sampling directly from the manifold if
the flow rates are optimized to provide the desired amount of calibration standards. However, the use of the
canister as a reservoir prior to introduction into the concentration system resembles the procedure normally used
to collect samples and is preferred. Flow rates of the dilution air and cylinder standards (all expressed in the same
" units) are measured using‘a bubble meter or calibrated electronic flow measuring device, and the concentrations

of target compounds in the manifold are then calculated using the dilution ratio and the original concentration of
_each compound. - ' ' : o

Mémfol d Conc. = (Original Conc.) (Std. Gas Flowrate)
T " (Air Flowrate) .+ (Std. Gas Flowrate)

9.2.3.3 Consider the exarhple of 1 ml/min flow of 10 ppmv standard diluted with 1,000 mL/min of humid
air provides a nominal 10 ppbv mixture, as calculated below: - '
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_ (10 ppm)(1_mL/mix)(1000 ppb/l ppm) _ 1o
(1000 mL/min) + (1 mL/min)

Manifold Conc.

9.2.4 Standard Pfepafaﬁdn by Static Dilution Bottle Technique

[Note: Standards may be prepared in canisters by spiking the canister with a mixture of components prepared
in a static dilution bottle (12). This technique is used specifically for liquid standards.] .

'9.2.4.1 The volume of a clean 2-liter round-bottoin flask, modified with a threaded glass neck to accept
a Mininert septum cap, is determined by weighing the amount of water required to completely fill up the flask.
Assuming a density for the water of 1 g/mL, the weight of the water in grams is taken as the volume of the flask
in milliliters. . : ' '
9.2.4.2 The flask is flushed with helium by attaching a tubing into the glass neck to deliver the helium.
After a few minutes, the tubing is removed and the glass neck is immediately closed with a Mininert septum cap.
9.2.4.3 The flask is placed in a 60°C oven and allowed to equilibrate at that temperature for about
15 minutes. Predetermined aliquots of liquid standards are injected into the flask making sure to keep the flask
temperature constant at 60°C. -
9.2.4.4 The contents are allowed to equilibrate in the oven for at least 30 minutes. To avoid condensation, -
syringes must be preheated in the oven at the same temperature prior to withdrawal of aliquots to avoid
condensation. ' '
9.2.4,5 Sample aliquots may then be taken for introduction into the analytical system or for further
dilution. An aliquot of aliquots totaling greater than 1 percent of the flask volume should be avoided.
9:2.4.6 Standards prepared by this method are stable for one week. The septum must be replaced with
~each freshly prepared standard. o v .
- 9.2:4.7 The concentration of each component in the flask is calculated using the following equation:

B o (V)(d)
Concentration, mg/L = ,
where: V, = Volume of liquid neat standard injectéd into the flask, juL..

d = - Density of the liquid neat standard, mg/pL.
Vy= Volime of the flask, L.
9.2.4.8 To obtain concentrations in ppbv, the equation given in Section 9.2.5.7 can bé used.
[Note: In the preparation of standards by this technique, the analyst should make sure that the volume of rieat
standard injected into the flask does not result in an overpressure due 1o the higher partial pressure produced
by the standard compared to the vapor pressure in the flask. Precautions should also be taken to avoid a
significant decrease in pressure inside the flask after withdrawal of aliguot(s).] '

9.2.5 Standard Pi"eparation Procedure in High Pressure Cylinders

[Note: Standards may be prepared in high pressure cylihders (13). 4 modiﬁed summary of the procedure
is provided below.] .

'_ 9.2.5.1 The standard compounds are obtained as g’éses or neat liquids (greater than 98 percent purity).
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9.2.5.2 An aluminum cylinder is flushed with high-purity nitrogen gas and then evacuated to better than

25in. Hg.
9.2.5.3 Predetermined amounts of each neat standard compound are measured using a rmcrollter or

gastlght syringe and injected into the cylinder. The cylinder is equ1pped with a heated injection port and nitrogen

flow to facilitate sample transfer.
9.2.5.4 The cylinder is pressurized to 1000 psig with zero nitrogen.

- [Note: User should read all SOPs associated with generating standards in high pressure cylinders. Follow
all safety requirements’ to minimize danger from high pressure cylinders.] :

9.2.5.5 The contents of the cylmder are allowed to equilibrate (~24 hrs) prior to withdrawal of ahquots
into the GC system.
9.2.5.6 If the neat standard is a gas, the cylinder concentration is determined using the following equation:

Volume
Concentration, ppbv = ——ss2040d 5 109
: Volumechlutmn gm

[Note: Both valu_es must be expressed in the same. units.]

9.2.5.7 If the neat standard is a liquid, the gaseous concentration can be determined using the followmg
equations:

v-_nBl

P

and:

. (Mb)@
MW

where: V= Gaseous volume of injected compound at EPA standard temperature (25°C) and
' pressure (760 mm Hg), L
n= Moles.
= Gas constant, 0.08206 L-atm/mole °K
= 298°K (standard temperature).
= 1 standard pressure, 760 mm Hg (1 atm).
= Volume of liquid injected, mL.
= Density of the neat standard, g/mL. ‘
= Molecular weight of the neat standard expressed, g/g-mole.

The gaseous volume of the injected compound is divided by the cylmder volume at STP and then multiplied by
10° to obtain the component concentration in ppb units.
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9.2.6 Standard Preparation by Water Methpds.-
[the: Standards may be prepafed by a water purge and trap method (14) and summarized as Sfollows].

92.6.1 A previously cleaned and evacuated canister is pressurized to 760 min Hg absolute (1 atm) with
zero grade air. , ' , .
19.2.6.2 The air gauge is femoved from the canisterand the sparging vessel is connected to the canister with
the short length of 1/ 1'6‘ in. stainless steel tubing.

[Note: Extra effort should be made to minimize possible areas of dead volume to miaximize transfer of
analytes from the water to the canister.] ' ‘ '

9.2.63 A measured amount of the stock standard solution and the internal standard solution is spiked into
5 mL of water. ‘ ' ' ' '

9.2.6.4 This water is transferred into the sparge vessel and purged with nitrogen for 10 mins at
100 mL/min. The sparging vessel is maintained at 40°C. »

9.2.6.5 At the end of 10 mins, the sparge vessel is removed and the air gauge is re-installed, to further
pressurize the canister with pure nitrogen to 1500 mm Hg absolute pressure (approximately 29 psia).’

" 9.2.6.6 The canisteris allowed to equilibrate overnight béfore use. '
9.2.6.7 A schematic of this approach is shown in Figure 14. -
9.2.7 Preparation of Standards by Permeation Tubes.

- 9.2.7.1 Permeation tubes can be used to provide standard concentration of a trace gas or gaseés. The
permeation of the gas can occur from inside a petineation tube containing the trace species of interest to an air
stream outside. Permeation can also occur from outside a permeable membrane tube to an air stream passing
through the tube (e.g., a tube of permeable material immersed in a liquid).

9.2.7.2 The permeation system is usually held at a constant temperature to generate a constant
concentration of trace gas. . Commercial suppliers provide systems for generation and dilution of over
250 compounds. Some commercial suppliers of permeation tube equipment are listed in Appendix D.
9.2.8 Storage of Standards. '
9.2.8.1 Working standards prepared in canisters may be stored for thirty days in an atmosphere free of
potential contaminants. B : '
9.2.8.2 It is imperative that a storage logbook be kept to document storage time.

10. GC/MS Operating Conditions

- 10.1 Preconcentrator

The following are typical cryogenic and adsorbent preconcentrator analytical conditions which, however, depend
on the specific combination of solid sorbent and must be selected carefully by the operator. The reader is referred
to Tables 1 and 2 of Compendium Method TO-17 for guidance on selection of sorbents. An example of a system

using a solid adsorbent preconcentrator with a cryofocusing trap is discussed in the literature (15). Oven
temperature programmiing starts above ambient. ‘

10.1.1 Sample Collection Conditions

_ Cryogenic Trap . v Adsorbent Trap
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Set point -150°C Setpoint - . 27°C
Sample volume - -up to 100 mL Sample volume - -upto 1,000 mL
Carrier gas purge flow - none ‘ Carrier gas purge flow - selectable

[Note: The analyst should optimize the flow rate, duration of sampling, and absolute sample volume to be
used. Other preconcentration systems may be used provided performance standards (see Section 11) are

realized.]

10.1.2 Desorption Conditions

Cryogenie Trap ' Adsorbent Trap

Desorb Temperature 120°C "~ Desorb Temperature . Variable
Desorb Flow Rate = 3 ml/min He Desorb Flow Rate ~3 mL/min He
Desorb Time <60 sec Desorb Time ‘ <60 sec

The adsorbent trap conditions depend on the specific solid adsorbents chosen (see manufacturers’ specifications).

10.1.3 Trap Reconditioning Conditions.
: /

Cryogenic Trap - S Adsorbent Trap

Initial bakeout " 120°C (24 hrs) Initial bakeout

Variable (24 hrs) . : S

After each run ~ 120°C (5 min) . After each run Variable (5 min)

10.2 GC/MS System

10.2.1 Optimize GC conditions for compound separation and sensitivity. Baseline separation of benzene
and carbon tetrachloride on a 100% methyl polysiloxane stationary phase is an indication of acceptable
chromatographic performance. '
 10:2.2 The following are the fécommended gas chromatographic analytical conditions when using a 50-meter
by 0.3-mm L.D., 1 um film thickness fused silica column with refocusing on the column.

Item Condition
Carrier Gas: Helium _
Flow Rate: -« Generally 1-3 mL/min as recommended by manufacturer
Temperature Program: ~ * Initial Temperature: - -50°C '
' Initial Hold Time: 2 min
Ramp Rate: 8° C/min
Final Temperature: 200°C
-Final Hold Time: Until all target compounds elute.

10.2.3 The following are the recommended mass spectrometer conditions:

Item ~ Condition
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Electron Energy: 70 Volts (nommal)
Mass Range: . 35-300 amu [the choice of 35 amu excludes the detection of some target compounds

such as methanol and formaldehyde, and the quantitation of others such as ethylene
oxide, ethyl carbamate, etc. (see Table 2). Lowering the mass range and using special
programming features available on modern gas chromatographs will be necessary m
these cases, but are not considered here. ‘

Scan Time: To give at least 10 scaris per peak, not to exceed 1 second per scan].

A schematic for a typical GC/MS analytical systein is ‘illustratec_l inFigure 15. . -
10.3 Analytical S'eqUené'e

10.3.1 Introduction. The recommended GC/MS analytical sequence for samples durmg each 24-hour time
period is as follows:

. Perform instrument performance check using bromofluorobenzene (BFB)
+ Initiate multi-point calibration or daily calibration checks.

s Perform a laboratory method blank.. :

« Complete this sequence for analysis of <20 field samples.

10.4 Instrument Performance Check

10.4.1 Summary. It is necessary to establish that a given GC/MS meets tuning and standard mass spectral
abundance criteria prior to initiating any data collection. The GC/MS system is set up according to the
manufacturer's specifications, and the mass calibration and resolution of the GC/MS system are then verified by
the analysis of the instrument performance check standard, bromofluorobenzene (BFB).

10.4.2 Frequency. Prior to the analyses of any samples, blanks, or calibration standards, the Laboratory
~ taust establish that the GC/MS system meets the mass spectral ion abundance criteria for the instrument
" performance check standard containing BFB. The instrument performance check solution must be analyzed

* initially and once per 24-hour time period of operation.

The 24-hour time period for GC/MS instrument performance check and standards calibration (initial calibration

or daily calibration check criteria) begins at the mJecnon of the BFB which the laboratory records as

documentation of a compliance tune.

. 10.4.3 Procedure. The analysis of the instrument performance check standard is performed by trapping 50
ng of BFB under the optimized preconcentration parameters. The BFB is introduced from a cylinder into the

GC/MS via a sample loop valve injection system similar to that shown in Figure 13.

The mass spectrum of BFB must be acquired in the following manner. Three scans (the peak apex scan and the
scans immediately preceding and following the apex) are acquired and averaged. Background subtractlon is
conducted using a single scan prior to the elution of BFB.

10.4.4 Technical Acceptance Criteria. Prior to the analysis of any samples, blanks, or calibration
standards, the analyst must establish that the GC/MS system meets the mass spectral ion abundance criteria for
the instrument performance check standard as specified in Table 3.

1045 Corrective Action. If the BFB acceptance criteria are not met, the MS must be retuned. It may be
necessary to clean the ion source, or quadrupoles, or take other necessary actions to achieve the acceptance
. criteria. :
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10.4.6 Documentation. Results of the BFB tuning are to be recorded and maintained as part of the
instrumentation log. : :

10.5 Initial Calibratiqn

10.5.1 Summary. Prior to the analysis of samples and blanks but after the instriment performance check
standard criteria have been met, each GC/MS system must be calibrated at five concentrations that-span the
monitoring range of interest in an initial calibration sequence to determine instrument sensitivity and the linearity

- of GC/MS response for the target compounds. For example, the range of interest may be 2 to 20 ppbv, in which
case the five concentrations would be 1, 2, 5, 10 and 25 ppbv. -

One of the calibration points from the initial calibration curve must be at the same concentration as the daily
calibration standard (e.g., 10 ppbv).- ' '

- 10.5.2 Frequency. Each GC/MS system must be recalibrated following corrective action (e.g., ion source
cleaning or repair, column replacement, etc.) which may change or affect the initial calibration criteria or if the
daily calibration acceptance criteria have not been met. ”

Ift_ime remains in the 24-hour time period after meeting the acceptance criteria for the initial calibration, samples
may be analyzed. : ' :

. If time does not rémain in the 24-hour period after meeting the acceptance criteria for the initial calibration, a new
analytical sequence shall commence with the analysis of the instrument performance check standard followed by
analysis of a daily calibration standard. - :

10.5.3 Procedure. Verify that the GC/MS system meets the instrument performance criteria in Section 10.4.

The GC must be operatéd using temperature and flow rate parameters equivalent to those in'Section 10.2.2.
Calibrate the preconcentration-GC/MS systern by drawing the standard into the system. Use one of the standards
preparation techniques described under Section 9.2 or equivalent. .

A minimum of five concentration levels are needed to detemine the instrument sensitivity and linearity. One of
the calibration levels should be near the detection level for the compounds of interest. The calibration range
should be chosen so that linear results are obtained as defined in Sections 10.5.1 and 10.5.5.

‘ Quantitation ions for the target corpounds are shown in Tablé 2. The primary ion should be used unless
interferences are present, in which case a secondary ion is used. : '
10.5.4 Calculations. 5 y

[Note: In the following calculations, an internal standard approach is used to calculate response factors.
The area response used is that of the primary quantitation ion unless otherwise stated.]

10.5.4.1 Relative Response Factor (RRF). Calculate the relative response factors for each target

compound relative to the appropriate internal standard (i.e., standard with the nearest retention time) using the
following equation: »

AC
. RRF - XCIS
AL,
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_where:  RRF = Relative response factor.
' A, = Area of the primary ion for the.compound to be measured counts.
A, = Area of the primary ion for the internal standard, counts.
- C, = Concentration of internal standard spiking mixture, ppbv.
. C,= Concentration of the compound in the calibration standard, ppbv.

[Note: The equation above is valid under the condition that the volume of internal standard spiking mixture
added in all field and QC analyses is the same from run to run, and that the volume of field and QC sample
introduced into the trap is the same for each analysis. C,, and C, must be in the same units.]

10.5.4.2 Mean Relative Response Factor. Calculate the mean RRF for each compound by averaging
the values obtained at the five concentrations using the following equation:

where: RRF = Mean relative response factor.

X; = RRF of the compound at concentration i.

n = Number of concentration values, in this case 5.
10.5.4.3 Percent Relative Standard Deviation (%RSD). Using the RRFs from the initial calibration,
calculate the %RSD for all target compounds using the following equations:

SD
%RSD = —2&F x 100
and .
: N (RRF RRF)
SD —
RRF Jl;: N -1
where: - SDgge = Standard deviation of initial response factors (per compotind).

RRF;= Relative re‘éponse factor at a concentration level i.

- RRF = Mean of initial relative res‘ponsé factors (per compdund)

10.5.4.4 Relative Retention Times (RRT). Calculate the RRTs for each target compound over the initial
~ calibration range using the following equation: - :

. RT
RRT = :
RTis
‘where: RT. = Retention time of the target compound, seconds

RT, = Retention time of the internal standard, seconds. ,
10.5.4.5 Mean of the Relative Retention Times ( RRT). Calculate the mean of the relative retefition
times (RRT) for each analyte target compound over the initial calibration range using the following equation:

1

4
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where:  RRT = Mean relative retention time for the target compound for each initial calibration
standard.
RRT = Relative retention time for the target compound at each calibration. level
10.5.4.6 Tabulate Primary Ion Area Response (Y) for Internal Standard. Tabulate the area response
(Y) of the pnmary ions (see Table 2) and the corresponding concentration for each compound and internal

standard.

10.5.4.7 Mean Area Response &) for Internal Standard. Calculate the mean area response (Y ) for

each internal standard compound over the initial calibration range using the following equation:
Y.

!

Ly

Y - -
Ci=t I
where: Y = Mean area response.-
Y = Area response for the primary quantrtatlon ion for the internal standard for each mmal
calibration standard.
10.5.4.8 Mean Retention Times (RT) Calculate the mean of the retention times (RT) for each internal

standard over the initial cahbratlon range using the following equation:

where: RT = Mean retention time, seconds
RT = Retention time for the internal standard for each initial calibration standard, seconds.

10.5.5 Technical Acceptance Criteria for the Initial Calibration.
10.5.5.1 The caleulated %RSD for the RRF for each compound in the calibration table must be less than
30% with at most two exceptions up to a limit of 40% :

[Note: This exception may not be acceptable for all projects. Many pro;ects may have a speczf ¢ target list
of compounds which would requzre the lower limit for all compounds ] ’

. 10.5.5.2 The RRT for each target compound at each calibration level must be withiin 0.06 RRT units of
the mean RRT for the compound.
10.5.5.3 The area response Y of at each calibration level must be within 40% of the mean area response Y
over the initial calibration range for each internal standard. v
10.5.5.4 The retention time shift for each of the internal standards at each calibration level must be within
20 s of the mean retention time over the initial calibration range for each internal standard.
10.5.6 Corrective Action. :

_ 10.5.6.1 Criteria. If the initial calibration technical acceptance criteria are not met, inspect the system
for problems. It may be necessary to clean the ion source, change the co]umn or take other corrective actions to
meet the initia] calibration technical acceptance criteria. :

10.5.6.2 Schedule. Initial calibration acceptance criteria pust be met before any field samples,
performance evaluation (PE) samples, or blanks are analyzed.
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10.6 Daﬂy Calibration

10.6.1 Summary. Prior to the analysis of samples and blanks but after tuning criteria have been met, the
initial calibration of each GC/MS system must be routinely checked by analyzing a daily calibration standard to
ensure that the instrument continues to remain under control. The daily calibration standard, which is the nominal
10 ppbv level calibration standard, should contain all the target compounds.

10.6.2 Frequency. A check of the calibration curve must be performed once every 24 hours on a GC/MS
system that has met the tuning criteria. The daily calibration sequence starts with the injection of the BFB. If
the BFB analysis meets the ion abundance criteria for BFB, then a daily calibration standard may be analyzed.

10.6.3 Procedure. The mid-level calibtation standard (10 ppbv) is analyzed in a GC/MS system that has
met the tuning and mass calibration criteria following the same procedure in Section 10.5.

10.6.4 Calculations. Perform the following calculations. '

[Note: As indicated earlier, the area response of the primary quantitation ion is used unléss otherwise
stated.] : ' ‘ '

10.6.4.1 Relative Response Factor (RRF). Calculate a relative response factor (RRF) for each target
compound using the equation in Section 10.5.4.1.

10.6.4.2 Percent Difference (%D). Calculate the percent difference in the RRF of the daily RRF
(24-hour) compared to the mean RRF in the most recent initial calibration. Calculate the %D for each target
compound using the following equation:

%D = ——ie———X x 100
RRF; -
- where: RRF, = RRF of the compound in the continuing calibration standard.
' RRF, = Mean RRF of the compound in the most recent initial calibration.

. 1
10.6.5 Technical Acceptance Criteria. The daily calibration standard must be analyzed at the
concentration level and frequency described in this Section 10.6 and on a GC/MS system meeting the BFB
instrument performance check criteria (see Section 10.4). . : '
The %D for each target compound in a daily calibration sequence must be within +30 percent in order to proceed
with the analysis of samples and blanks. A control chart showing %D values should be maintained.
10.6.6 Corrective Action. If the daily calibration technical aceeptance criteria are not met, inspect the
system for problems. It may be necessary to clean the ion source, change the column, or take other corrective
actions to meet the daily calibration techrical acceptance criteria.

_ Da__i‘l); caiibratipn acceptance criteria must be met before any field samples, performance evaluation (PE) sampleé;
or blanks are analyzed. Ifthe % D criteria are not met, it will be necessary to rerun the daily calibration sample.

10.7 Blank Analyses

10.7.1 Summary. To monitor for possible laboratory contamination, laboratory method blanks are analyzed -
at least once in 2 24-hour analytical sequence. All steps in the analytical procedure are performed on the blank
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using all reagents standards, equipment, apparatus, glassware and solvents that would be used for a sample
analysis.

A laboratory method blank (LMB) is an ufiused, certified camster that has not left the laboratory. The blank
canister is pressurized with humidified, ultra-puire zero air and carried through the same analytical procedure as
a field sample. The injected aliquot of the blank must contain the same amount of internal standards that are
added to each sample.

10.7.2 Frequency. The laboratory method blank must be analyzed after the calibration standard(s) and ‘

before any samples are analyzed

Whenever a high concentration sample is encountered (i.e., outside the calibration fange), a blank analysis should.
be performed immediately after the sample is completed to check for carryover effects.

10.7.3 Procedure. Fill a cleaned and evacuated canister Wlth hurmidified zero air (RH >20 percent, at 25° C).
Pressurize the contents to 2 atm.

The blank sample should be analyzed using the same procedure outlined under Section 10.8.
10.7.4 Calculations. The blanks are analyzed similar to a field sample and the equanons in Section 10.5.4

apply- ‘
10.7.5 Technical Acceptance Criteria. A blank canister should be analyzed dally

The area response for each internal standard (IS) in the blank must be within +40 percent of the mieati area
response of the IS in the most recent valid calibration. :

The retention time for each of the internal standards must be within £0.33 minutes between the blank and the
most recent valid calibration.

The blank should riot contain any target analyte at a concentration greater than its quantitation level (three times
the MDL as defined in Section 11.2) and should not contain additional compounds with elution characteristics
and mass spectral features that would interfere with identification and measureineént of a method analyte.

10.7.6 Corrective Action. If the blanks do not meet the techrical acceptance criteria, the analyst should
consider the analytical system to be out of control. It is the responsibility of the analyst to ensure that
contaminants in solvents, reagents, glassware, and other sample storage and processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms be eliminated. If contamination is a problem,
the source of the contamination must be investigated and appropriate corrective measures need to be taken and
documented before further sample analy51s proceeds.

If an analyte in the blank is found to be out of control (i.e., contaminated) and the analyte is also found in
. associated samples, those sample results should be "ﬂagged" as possibly contaminated.

10.8 Sample Analysis
10.8.1 Swmmary. An aliquot of the ai_'r»_sa_rﬁple from a canister (e.g., 500 mL) is preconcentrated and -
analyzed by GC/MS under conditions stated in Sections 10.1 and 10.2. If using the multisorbent/dry purge

approach, adjust the dry purge volume to reduce water effects in the analytical system to manageable levels.

[Note: The analyst should be aware that pressur;iz_ed samples of high humidity samples will contain
condensed water. As a resull, the humidity of the sample released from the canister during analysis will vary
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in humidity, being lower at the iugher canister pressures and increasing in humidity as the canzster pressures
decreases. Storage integrity of water soluble compounds may also be affected. ]

10.8.2 Fregquency. If time remains in the 24-hour period in which an initial calibration is performed,
samples may be analyzed without analysis of a daily calibration s,tandard.

If time does not remain in the 24-hour period since the injection of the instrument performance check standard
in which an initial calibration is performed, both the instrument performance check standard and the daily
- calibration standard should be afialyzed before sample analysis may begin.
10.8.3 Procedure for Instrumental Analysis. Perfortn the following procedure for analysis.

10.8.3.1 All canister samplés should be at temperature equilibrium with the laboratory.

10.8.3.2 Check and adjust the mass flow controllers to provide correct flow rates for the system.

10.8.3.3 Connect the sample canister to the inlet of the GC/MS analytical system, as shown in Figure 15
[Figure 16 shows an alternate two stage concentrator using multisorbent traps followed by a trap cooled by a
closed cycle cooler (15)]. The desired sample flow is established through the six-port chromatographic valve and
the preconcentrator to the downstream flow controller. The absolute volume of sample being pulled through the
trap must be consistent frorh run to run. ' , .

10.8.3.4 Heat/cool the GC oven and cryogenic or adsorbent trap to their set points. Assuming a six-port
value is being used, as soon as the trap reaches its lower-set point, the six-port chromatographic valve is cycled
to the trap position to begin sample collection. UtllIZB the sample collection time which has been optimized by
the analyst.

10.8.3.5 Use the arrangement shown in Figure 13, (i.e., a gastlght syringe or some alternate method)
introduce an internal standard during the sample collection penod Add sufficient internal standard equivalent
to 10 ppbv in the sample. For example, a 0.5 mL volume of a mixture of internal standard compounds, each at
10 ppmv concentration, added to a sample volume of 500 mL, will result in 10 ppbv of each internal standard
'~ in the sample.

10.8.3.6 After the sample and internal standards are preconcentrated on the trap, the GC samipling valve
is cycled to the inject position and the trap is swept with helium and heated. Assuming a focusing trap is being
used, the trapped analytes are thermally desorbed onto a focusing trap and then onto the head of the capillary
columnn and are separated on the column using the GC oven temperature program. The canister valve is closed
and the canister is disconnected from the mass flow controller and capped. The trap is maintained at elevated
temperature until the beginning of the next analysis.

10.8.3.7 Upon sample injéction onto the column, the GC/MS system is operated so that the MS scans the
atomic mass range from 35.to 300 amu. At least ten scans per eluting chromatographic peak should be acquired.
Scanning also allows identification of unknown compounds in the sample through searching of library spectra

10.8.3.8 Each analytical run must be checked for saturation. The level at which an individual compound
will saturate the detection system is a function of the overall system sensitivity and the mass spectral

characteristics of that compound.
' 10.83.9 Secondary ion quantitation is allowed only when there are sample matrix interferences with the
primary ion. If secondary ion quantitation is performed, document the reasons in the laboratory record book.
10.8.4 Calculations. The equation below is used for calculating concentrations.

C = AxCisD F .
X —=
where: C = Compour’jd concentration, ppbv.
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‘A, = Area of the characteristic ion for the compound to be measured, counts.
A, = Area of the characteristic ion for the specific internal standard, counts.
Ci = Concentration of the internal standard spiking mixture, ppbv

RRF =~ = Mean relative response factor from the initial calibration.

DF = Dilution factor calculated as described in section 2. If no dilution is performed, DF
=1

[Note: The equation above is valid under the condition that the volume (~500 ul) of internal standard
spiking mixture added in all field and QC analyses is the same from run to run, and that the volume (-500mL)
of field and QC sample introduced into the trap is the same for each analysis.]

10.8.5 Technical Acceptance Criteria.

[Note: If the most recent valid calibration is an initial calibration, internal standard area responses and RTs
in the sample are evaluated against the corresponding internal standard area responses and RTs in the mid
level standard (10 ppbv) of the initial calibration J

' 10.8.5.1 The field sample must be analyzed on a GC/MS system meetmg the BFB tuning, initial
"calibration, and continuing calibration technical acceptance cntena at the frequency described in Sections 10.4,

10.5 and 10.6.

10.8.5.2 The field samples must be analyzed along with a laboratory method blank that met the blank
technical acceptance criteria.

10.8.5.3 ‘All of the target ana]yte peaks should be within the initial calibration range.

10.8.5.4 The retention time for each internal standard must be within +0.33 minutes of the retention tlme
of the internal standard in the most recent valid calibration.

10.8.6 Corrective Action. If the on-column concentration of any compound in any sample exceeds the

initial calibration range, an aliquot of the original sample must be diluted and reanalyzed. Guidance in
performing dilutions and exceptlon_s to this requirement are glven below.

* Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration’ range.

* The dilution factor chosen should keep the response of the largest analyte peak for a target compound in
the upper half of the initial calibration range of the instrument.

[Note: Analysis involving dilution should be reported with a dilution factor and nature of the dilution gas.]

, 10.8.6.1 Internal standard responses and retention times must be evaluated during or immediately after
data acquisition. If the retention time for any iriternal standard changes by more than 20 sec from the latest daily
(24-hour) calibration standard (or mean retention time over the initial calibration range), the GC/MS system must
be inspected for malfunctions, and corrections made as reqmred

10.8.6.2 If the area response for any internal standard changes by more than +40 percent between the
sample and the most recent valid calibration, the GC/MS system must -be inspected for malfunection and
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corrections made as appropriate. When correctlons are made, reanalysrs of samples analyzed while the system
was malfunctioning is necessary.

10.8.6.3 If, after reanalysis, the area responses or the RTs for all internal standards are inside the control
limits, then the problem with the first analysis is considered to have been within the control of the Laboratory.
Therefore, submit only data from the analysis with SICPs within the limits. This is considered the initial analysis
and should be reported as such on all data deliverables. ,

11. Requirements for Demonstrating Method Acceptability for VOC Analysis from Canisters

11.1 Introrluction

11.1.1 There are three performance criteria which must be met for a system to qualify under Compendium
Method TO-15. These criteria are: the method detection limit of <0.5 ppbv, replicate precision within 25 percent,
and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to
25 ppbv).

11.1.2 Either SIM or SCAN modes of operation can be used to achieve these criteria, and the choice of mode
will depend on the number of target compounds, the decision of whethef or not to determine tentatively identified
compounds along with other VOCs on the target list, as well as on the analytical system characteristics.

'11.1.3 Specific criteria for each Title IIl compound on the target compound list must be met by the analytical
system. These criteria were established by examining summary data from EPA's Toxics Air Monitoririg System
Network and the Urban Air Toxics Momtonng Program network. Details for the determination of each of the
criteria follow.

11.2 Method Detection Limit

11.2.1 The procedure chosen to define the method detection hmrt is that glven in the Code of Federal
Regulations (40 CFR 136 Appendix B).

11.2.2 The method detection limit is defined for each system by making seven replicate measurements of the
compound of interest at a concentration near (within a factor of five) the expected detection limit, computing the
standard deviation for the seven replicate concentrations, and multiplying this value by 3.14 (i.e., the Student's
t value for 99 percent confidence for seven values). Employing this approach, the detectron limits grven in
Table 4 were obtained for some of the VOCs of interest.

11.3 Replicate Precision
11.3.1 The measure of replicate precision used for this program is the absolute value of the difference
between replicate measurements of the sample divided by the average value and expressed asa percentage as

follows:

N 'lxy'le P
percentt difference = ————= x 100

bl

where: x, = First measurement value.
X, = Second measurement value.

X = Average of the two values.
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11.3.2 There are several factors which may affect the precision of the measurement. The nature of the
compound of interest itself such as molecular weight, water solubility, polarizability, etc., each have some effect
on the precision, for a given sampling and analytical system. For example, styrene, which is classified as a polar
VOC, generally shows slightly poorer precision than the bulk of nonpolar VOCs. A primary influence on
precision is the concentration level of the compound of interest in the sample, i.e., the precision degrades as the
concentration approaches the detection limit. A conservative measure was obtained from replicate analysis of
"real world" canister samples from the TAMS and UATMP networks. These data are summarized in Table 5
and suggest that a replicate precision value of 25 percent can be achieved for each of the target compounds.

11.4 Audit Accuracy

11.4.1 A measure of analyticéliaccuracy is the degree of agreement with audit standards. Audit accuracy is
defined as the difference between the nominal concentration of the audit compound and the measured value -
- divided by the audit value and expressed as a percéntage, as illustrated in the following equation;
' Spiked Value - Observed Value x 100
- Spiked Value

Audit Accuracy, % =

11.4.2 Audit éceuracy results for TAMS and ‘UA"'I'MP analyses are summarized in Table 6 and were used
to form the basis-for a selection of 30 percent as the performance criterion for audit accuracy.
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APPENDIX A.

LISTING OF SOME COMMERCIAL WATER
MANAGEMENT SYSTEMS USED WITH AUTOGC SYSTEMS

Tekmar Dohrman Company
7143 East Kemper Road

Post Office Box 429576
Cincinnati, Ohio 45242-9576
(513) 247-7000

(513) 247-7050 (Fax)

(800) 543-4461

[Moisture control module]

Entech Laboratory Automation

950 Enchanted Way No. 101

Simi Valley, California 93065
© (805) 527-5939

(805) 527-5687 (Fax)

[Microscale Purge and Trap)

Dynatherm Analytical Instruments
Post Office Box 159

Kelton, Pennsylvania 19346
(215) 869-8702

(215) 869-3885 (Fax)

[Thermal Desorption System]

XonTech Iic. ,
6862 Hayenhurst Avenue.
Van Nuys, CA 91406

(818) 787-7380

(818) 787-4275 (Fax)

[Multi-adsorbent trap/dry purge]

Graseby .

500 Technology Ct.

Smyma, Georgia 30082
(770) 319-9999 '
(770) 319-0336 (Fax)

(800) 241-6898
[Controlled Desorption Trap]

Varian Chromatography System

2700 Mitchell Drive

Walnut Creek, California 94898

(510) 945-2196

(510) 945-2335 (FAX)

[Variable Temperature Adsorption Trap]
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APPENDIX B. ‘
COMMENT ON CANISTER CLEANING PROCEDURES

The canister cleaning procedures given in Section 8.4 require that canister pressure be reduced to <0.05mm Hg
before the cleaning process is complete. Depending on the vacuurh system design (diameter of connecting tubing,
valve restrictions, etc.) and the placement of the vacuum gauge, the achievement of this value may take several
hours. In any case, the pressure gauge should be placed near the canisters to-determine pressure. The objective
* of requiring a low pressure evacuation during canister cleaning is to reduce contaminants. If canisters can be
routinely certified (<0.2 ppbv for target compounds) while using a higher vacuum, then this criteria can be
relaxed. However, the ultimate vacuum achieved during cleaning should always be <0.2mm Hg.

Canister cleaning as described in Section 8.4 and illustrated in Figure 10 requires components with special
features. The vacuum gange shown in Figure 10 must be capable of measuring 0.05mim Hg with less than a
20% error. The vacuum pump used for evacuating the canister must be noncontaminating while being capable
of achieving the 0.05 mm Hg vacuum as monitored near the canisters. Thermoelectric vacuum gauges and
turbomolecular drag pumps are typically being used for these two components.

An alternate to achieving the canister certification requirement of <0.2 ppbv for all target compounds is the
criteria used in Compendium Method TO-12 that the total carbon count be <10ppbC. This check is less
expensive and typically more exacting than the current certification requirement and can be used if proven to be
equivalent to the original requirement. This equivalency must be established by comparing the total nonmethane
organic carbon (TNMOC) expressed in ppbC to the requirement that individual target compounds be <0.2 ppbv
for a series of analytical runs.
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APPENDIX C. - :

LISTING OF COMMERCIAL MANUFACTURERS AND RE-SUPPLIERS OF -
SPECIALLY-PREPARED CANISTERS '

BRC/Rasmussen

17010 NW Skyline Blvd.
* Portland, Oregon 97321

(503) 621-1435

Meriter

1790 Potrero Drive
San Jose, CA 95124
(408) 265-6482

Restek Corporation

. 110 Benner Circle
Bellefonte, PA 16823-8812
(814) 353-1300
(800) 356-1688

Scientific Instrumentation Specialists
P.O. Box 8941
815 Courtney Street
Moscow, ID 83843
" (208) 882-3860

Graseby .

500 Technology Ct.
Smyma, Georgia 30082
(404) 319-9999

(800) 241-6898

XonTech Inc.
" 6862 Hayenhurst Avenue
* Van Nuys, CA 91406
(818) 787-7380
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APPENDIX D. |
LISTING OF COMMERCIAL SUPPLIERS OF PERMEATION TUBES AND SYSTEMS

Kin-Tek

504 Laurel St.
Lamarque, Texas 77568
(409) 938-3627

(800) 326-3627

" Vici Metronics, Inc.
2991 Corvin Drive
Santa Clara, CA 95051
(408) 737-0550

Analytical Instrument Development, Inc.
Rt. 41 and Newark Rd. '
Avondale, PA 19311

- (215) 268-3181

Ecology Board, Inc.
9257 Independence Ave.
Chatsworth, CA 91311
(213) 882-6795

Tracor, Inc.

6500 Tracor Land
Austin, TX

(512) 926-2800

Metronics Associates, Inc.
3201 Porter Drive
Standford Industrial Park
‘Palo Alto, CA 94304
(415) 493-5632
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TABLE 1. VOLATILE ORGANIC COMPOUNDS ON THE TITLE Il CLEAN AIR AMENDMENT LIST—
MEMBERSHIP IN COMPENDIUM METHOD TO-14A LIST AND THE SOW-CLP LIST OF VOCs

Gl}f:f

_Methyl chloride (chloromethane); CH3Cl , : 74-87-3 -23.7
. Carbonyl suifide; COS . ' 463-58-1 -50.0 3.7x10 | 60.1
I Vinyl chioride (chioroethene); C2H3CI - 75-01-4 -14.0 32x10 | 625 x | X
Diazomethane; CH2N2 B 334-88-3 | 230 28x10 | 421 | | '
Formaldehyde; CH20 ‘ y 50-00-0f 195 27x10| 30 | :
1,3-Butadiene; C4H6 '  106-99-0 | 45 | 20x10]| s4 | | X
Methy! bromide (bromomethane); CH3Br Jo74839) - 36 |  1sx10] o949 X | X
|l Phosgene; cCl2O . | - 75445 g2 12x10.] 99 1 |
|l Viny! bromide (bromoethene);‘C2H3Br I . 593-60-2 15.8 | LIx10] 107 , |
Ethylene oxide; C2H40 - | 75218 107 | tixie] e | ,
Ethy! chloride (chloroethane); C2H5CI ’ O 75-003) 125 1.0x10 | 645 x | x|
_Acetaldehyde (ethanal); C2H40 ' 75-07-0 21.0 952 44 , ‘ '
Il Vinylidene chioride (1,1-dichloroethylene); C2H2CI2 | 75-35-4 3.7 1 se0| o7 x | x |
Propylene oxide; C3H60 | _ 75-56-9 342 | 445] 58 | |
Methyl iodide (iodomethane); CH31 74-88-4 424 | 4020’ 141.9 i ' _
Methylene chloride; CH2CI2 ' 75-09-2. 40.0 349 . 84.9 X T X “
Methylisocyanate; C2H3NO 624-83-9 596 48| 571 | ,
Allyl chloride (3-chloropropene); C3HSCI - | 107-051 445 | 30| 765 X X
Carbon disulfide; CS2 4 75-15-0 46.5 260 76 '
Methyl tert-butyl ether; CSH120 : 1634-04-4 | 552 249| 86
Propionaldehyde; C2ZH5CHO _ 123-38-6 49.0 v 235|581
|L Ethylidene dichloride (1,1-dichloroethane): C2H4CI2 75-34-3] - 570 20l 99 | . x
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Comipound

Chiloroprene (2-chloro l,a-butadlene), C4H5C]

126-99-8

59.4

59.0 |

Chloromethyl methy| ether; C2H5CIO 107-30-2 | 224 | 805
Acrolein (2-propenal); C3H40 107-02-8 52.5 220 - 56 X :II
1,2-Epoxybutane (1,2-butylene oxide): C4H80 106-88-7 63.0 163 72 .
1l Chieroform; CHCI3 67-66-3 61.2 160 119 X "
' rEthylenelmme (aziridine); C2H5N 151-56-4 56 160.0 43
1,1-Dimethylhydiazine; C2H8N2 57-14-7 63 157.0 60.0 "
Hexane; C6H14 110-54-3 69.0 120 86.2 i
1,2~ Plopylenelmme (2-methylaznrldme), C3IHIN 75-55-8 66.0 112 57.1 “
Acrylonitrile (2-propenenitrile); C3H3N 107-13-1 | 77.3 - 100 53 I
Methy! chloroform (1,1, -trichloroethane); C2H3CI3 71‘-55-6“: 74.1 100 | 133.4 1B X "
Methanol; CH40 67-56-1 | 65.0 92.0 32 | X
Carbon tetrachloride; CCl4 56-23=5 | 76.7 90.0 153.8 ﬁT X
Vinyl acetate; C4H602 108-05-4 72.2 83.0 86 ‘ X
Methy| ethyl ketone (2-butanene); C4H80 ~ 78-93-3 | 79.6 775 72 X
[l Benzene; coHs 71-43-2 80.1 76:0 78 X
Acetonitrile (cyanomethane); C2ZH3N 75-05-8 82 74.0 41.0 B X
Ethylene dichloride (1,2-dichloroethane); C2H4CI2 107-06-2 83.5- 615 99 ; X
Triethylamine; C6H15N 121-44-8 89.5. 54.0 ¢ 101.2 |
| Methy lhydrazine; CH6N2 60-34-4 87.8 | 49.6 46.1 I
[| Propylene dichloride (1,2-dichloropropane); C3H6CI2 78-87-5 97.0 . 40| 13 X.
ll 2,2,4-Trimethyl pentane C8HIS - 540-84-1 99.2 a06| 114
Il 1,4-Dioxane (1,4-Diethylene oxide); C4H802 123-91-1 101 370] 88
Il Bis(chloromethyl) ether; C2H4CI20 542-88-1 104 30,0 115
1 Ethyt actylate; csHs02 140-88-5 - 100 203| 100
L Methy! methacrylate; CSH802 80-62-6 | 101 280 100.1
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TABLE 1.

Methyl| methacrylate; C5SH8Q?2 80-62-101
1,3-Dichlorepropene; CIH4CI2 (cis) .,542-75~6I, 112 ‘ 278! 111 X X
Toluene; C7H8 108-88-3 |, 111 22.0 92 X X
Trich‘loroeﬂwlene; C2HCI3 79-01-6:‘: 87.0 20.0 | ‘ 131.4 X X
{1 1,1,2-Trichloroethane; C2H3CI3 _79-00-5 | 114 190 1334 X X
. Tetrachloroethylene; C2Cl4 127-18~4 121 14.0 : 165.8 "X X
Epichlarohydrin (l-chlor062,3-ej:oxy propane); C3H5CIO 106-89-8 117 12.0 92.5 )
Ethylene dibromide‘ (1,2-dibromoethane); C2H4Br2 106-93-4 132 11.0 187.9 X X
N-Nitroso-N-methylurea; C2HSN302 684-93-5 124 10.0 103 .
2-Nitropropane; C3H7NO2 79-46-9 120 10,0 89 ,
Chlorebenzene; C6HS5CI . 108-90-7 132 8.8 112.6 : X. X
Ethyibenzene; C8H10 . 100-41-4 136 7.0 106 X X
Xylenes (isomer & miﬁfures); C8H10 1330-20-7 »'1{42 6.7 106.2 X X
Styrene; C8H8 100-42-5 145 6.6 104 X X
‘ -Xylene; C8H10 106-42-3 138 6.5 106.2 X X
'm-Xylene; C8H10 v 108-38-3 139 60| . '106.2 X X
Methyl isobutYl ketone (hexone); C6H120 108-10-1 117 6.0 - 100.2
Bromoform (tribromomethane); CHBr3 75-25-2 - 149 56 252.8
1,1,2,2-Tetrachloroethane; C2H2Cl4 79-34-5 146 50| 1679 X X
o-Xylene; C8H10 1 95-47-6 144 50| 1062 X X
Dimethylcarbamy! chloride; C3_H6CINO ) L 79-44-7 166 491 - 1076
N-Nitrosodimethylamine; C2H6N20 62-75-9 | 152 3.7 74
, Beta-Propiolactone; C3H402 57-57-8 | 'Decorlngzoses at 34 72
1t Cumene (isopropylbenzene): cor _98-82-8 153 32] 120

ST-OL PO
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Cumene (isopropylbenzene); C9H12

98-82-8 |

141

321

Acrylic-acid; C3H402 79-10-7 72
| N,N-Dimethylformamide; C3HTNO 68-12-2 153 2.7 73
1,3-Propane sultone; C3H603S 1120-71-4 180/30mm 20| 122.1
Acetophenone; C8H80 98-86-2 202 1ol 120
|l Dimethy sulfate; C2H604S 77-78-1 188 10f 1261
‘ . Benzyl chlaride (a—chlorotoluene), C7H7Cl 100-44-7 179 1.0 126.6
" 1,2-Dibromo-3-chloroprapane; C3H5Br2Cl 96~12-8 196 0.80 236.4
Bis(2-Chloroethyl)ether; C4H8CI20 111-44-4 178 071| 143
Chloroacetic acid; C2H3ClO2 79-11-8 189 0.69 94.5
Aniline (aminobenzene); C6H7N 62-53-3 184 0.67 { 93
1,4-Dichlorobenzene (p-); C6H4CI2 _106-46-7 173 060 147
Ethyl carbamate. (Lirethane);‘ C3H7NO2 51-79-6 183 - 0.54 | 89
Acrylamide; C3HSNO | 79-06-1 | 125125 mm 053]
N,N=-Dimethylaniline; CSH1 1IN 121-69-7 192 0.50 } 121
H,exachlbroethane; C2Cl6 67-72-1 | Sublimes at 186 0.40 236.7
Hexachlorobutadiene; C4CI . 87-68-3 215 040| 2608
hsophorone; C9H140 78-59-1 215 - 038 138.2
" N-Nitrosomorpholine; C4H8N202 - 59-89-2 225. 0.32 116.1
Il styrene oxide; C8H80 96-09-3 194 0300 1202
|| Diethyl sulfate; C4H1004S 64-67-5 208 0.29 154
zlLCre'sy'l‘ic- acid (cresol isomer m’iXtufe);CTHSO 1319-77-3 202 0.26. 108
o-Cresol; CTH8O ' 95-48-7 191 024] 108
Catechol (e-hydroxyphenol); C6H602 120-80-9‘ 240 0.22 110
|LPhenol; ceHe0 108-95-2 | 182 0.20 94
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TABLE 1. (continued)

'Vapor pressure (v.p.),.boiling point (BP) and molecularweight (MW) data from:

Catechol (o-hydroxyphenol); C6H602 - - 120-80-9
Phenol; C6H60 ' 108952 |
1,2,4-Trichlorobenzene; C6H3CI3 120-82-1 213

(a)D. L. Jones and J. bursey, "Simultaneous Control of PM-10 and Hazardous Air Pollutants II; Rationale for Selection of Hazardous Air
Poliutants as Potential Particulate Matter;" Report EPA-452/R-93/013, U. S. Environmental Protection Agency, Research Triangle Park,

NC. October 1992;

(bIR.C. Weber, P. A. Parker, and M, Bowser. Vapor Pressure Distribution of Selected Organic Chemicals, Report EPA<600/2-81-021,

U, S. Environmental Protection Agenc

, Cincinnati, OH, February 1981; and

(c)R. C. Weast, ed., "CRC Handbook of Chemistry and Physics," 59th edition, CRC Press, Boca Raton, 1979,

»
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TABLE 2. CHARACTERISTIC MASSES (M/Z) USED FOR QUANTIFYING
__THE TITLE III CLEAN AIR ACT AMENDMENT COMPOUNDS

[l Methy! chioride (chioromethane), CH3CI 74873 2
Carbonyl sulfide; COS ' 463-58-1 60 62 i
Viniyl chloride (chloroethene); C2H3CI - _ - 75-01-4 62 _64 "

I Diazomethane; CH2N2 R 334:88-3 42 _a |
Formaldehyde; CH20 - 50000 | 29 30
1,3-Butadiene; C4H6 : ,V _ ; i 106-99-0 . 32 39,

il Methyl bromide (bromomethane), CH3Br ) ) _74-83-9 - 94 96
Phosgene; CCI20 _ ] 75-44-5 63 _ _65
Vinyl bromide (bromoethene); C2H3Br 593-60-2 106 108 |

1 Ethylme oxide; C2H40 ‘ 75-21+8 _29 44 II

|| Ethy chioride (chioroethane); c25CI 75-00-3 64 66 |
Acetaldehyde (ethanal); C2H40 _15-07-0_ 44 29, 43
Vinylidene chlonde (l l-dxchloroethylene), C2H2CI2 ,'75'35'4 61 96

" Propylene oxtde, C3H6O '75-56-94 58 57

[ Methy! iodide iodomethaney, CHIL _ 74884 | 142 127

| Methylene chioride; CH2CI2 L 75-09-2 49 84, 86

f Methyl isocyanate; CZH3NO - 624-83-9 57 56

" Allyl chloride (3—chloropropene), C3Hs5Cl 107-05-1 76 41,78
Carbon disulfide; CS2 . _ _75-15-0 76 44,78
Methy! tert-butyl ether; CSHI20 ____ ”\1634-04-4, | 41,53

([ Propionaldehyde; C2HSCHO 123386 | 58 29,57
Ethylidene dichloride (1,1-dichloroethane); C2H4 C2H4Cl2 75343 | 63 65,27
Chloroprene (2-ctiloro:1,3-butadiene); C4H5CI 126-99-8 88 53,90
Chioromethyl methyl ether; CZHSCIO 107-30-2 45. 29, 49
Acrolein @-pmpenal), C3H40  107-02-8 56 . 55

Il 1,3-Epoxybutane (1,2- -butylerie oxide); C4HEO 106-88-7 42 4L

Il chioroform; crens . 67663 8 85,47 ﬂ
Ethylencimine (aziridine); CZHSN 151564 | a2 43
ll-lsimethylhydrazine; C2H8N2 R 5147 | . 60 45,59

110543 | 57 41,43
75-55-8 56 57,42
ﬂlomtnle (2-px:9_p_e&1mle), C3H3N . - 107-13-1 33 52
Methyl chlorofo ( ]tnchloroethane) C2H3C13 . 71-55-6 797 99, 61
Methanol; CH40 o __67-56-1. 31 29
Carbon tetrachloride; CCl4 - 56-23:5 17~ 19 jl
Vinyl acetate; C4H602 108-05-4 43 86 "
. I Methy1 ethyl ketone (2-butanone); C4HB0 78-93.3 43 |
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Method TO-15

VOCs
‘Benzene; C6H6 71-43-2 78 77,50
Acetonitrile (cyanomethane); C2H3N 75-05-8 41 ‘
Ethylene dichloride (1 ,2-dichloroethane); C2H4CI2 107-06-2 62 | 2__"
|| Triethylamine; coH1SN 121448 86 | 8101
|| Methyihydrazine; CHEN2 60-34-4 | a6 31,45 ,
’ " Propylene dichloride (1,2-dichloropropane); C3H6C12 , 78-87-5___ e 63 41, 62
([ 2:2.4-Trimethyl pentane; C8H18 540841 | 57 41,56
1,4-Dioxane (1,4 Diethylene oxide); C4H802 » 123- 91 1_ .88 58
Bis(chloromethyl) ether; C2HAC2O 542-88- 79 49, 81
Ethy] acrylate; CSH802 ' 140-88-5 | 55 73
Methyl methacrylate; CSH802 80626 | 41 69,100
-Dichloropropene; C3HACI2 (cis) 542:75-6 75 39,77 ||
l Toluene;crms 108-88-3 9 %2 ,
- | Tiichloethylene; c2HOIZ 79-01-6 130 132,95 |
1,1 2-Trichloroethane; C2ZH3CI3 79-00-5 97 83, 61
Tetrachloroethylene; C2Cl4 - 127-18-4 166 164, 131
b_ xchlorehydrm (I-chloro-2,3-epoxy propane); C3H5C)O _106-89-8 | 57 49, 62
_Ethylene dibromi __41_2 dibromoethane); C2H4Br2 106-93-4 A_ 107 109
N-Nitrso-N-methylures; CZHSN302 684935 | 60 44, 103
I 2-Nitropropane; C3HTNO2 o - 79-46-9 43 4
|| Chlorobenzerie; C6H5CI - - 108-90-7 12 77,114
Ethylbenzene; C8H10 ] | 100414 91 106
Xylenes (isomer & mixtures); C§H10 - | 1330207 91 106
Styrene; C8HS ' | 100-42.5 104 78,103
Lp-xﬁene; C8H10 106423, 91 106
m-Xylene; C8H10 108383 T o 105 |
[l Methy1 isobutyi ketone hexone), CoHIZO 108-10-1 43 58, 100
[| Bromotorm cibromomethanc); cHBes o 75-25-2 i3 | 17,195
1,1,22-Tetrachloroethane: C2H2CH4 o 79:34-5 83 | s 4
o-Xylene; CBHIO ' L 95-47-6 91 106 I
Dimethylcarbamy! chloride; C3HSCINO _ ‘ ‘ 79-44-7 72 w07 )
N-Nitrosodimethylamine; C2HN20 62-75-9 74 2 |
Beta-Propiolactone; C3H402 ) 57-57-8 42 ] 43
Cumene(lsopropylbm C9HI2  98-82-8 105 120
Acrylic acid; C3H402 ) 79-10-7 72 45,55
| }&N?Dimemylfonnamide; C3HINO . ' 2| 7@ 42,44
1,3-Propa1?etsultpne; C3H603S e “l'-l-20-7,l-4 A 58 63, l2i i
TABLE 2. (continued) ' |
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VOCs

77,120

98862 |

| 'Dnmemylsuxfa:e, C2H604S __ 7738 | S

66,96

Benizyl chloride (a-chlorotoluene); _CI_’Z_HZQ!_;_ —

100-44-7

_126

{ 1,2-Dibromio:3-chloropropane; C3HSBr2Cl

-96-12-8

155,157

111444

63, 95

Bis(2-Chloroethyl)ether; C4H3CI120 RO

79-11-8

45, 60

Chloroacetic acid; C2H3CI102 N —
Aniline (aminobenzene); C6HTN N

62-53-3 |

66

1,4-Dichlorobenzene (p-); C6H4CI2 . L

106~46 7

146

148, 111

|t Ethyl carbamate (urethane); 63H7N02 - ]

51 79-

31

44, 62

Acrylami‘de; C3HS5NO

79-06-

55,71

I NN-Dimethylaniling; C8HIIN

121-69-

120

77, 121

Hegachlotoethans; C2C16 .

67-72-

201

199, 203

87-68-3

225

227,223

,Iso

horong (;91—!140

Wl Hexachlorobutadiene; C4CI6 __

78-59-1

138

N-Nitrosomorpholine; C4HSN202

59-89-2

86,116 I’

|t Styrene oxide; CEBHB8O

_96-09-3

120

. _64-67-5_

Diethy! sulfate; C4H1004S - | -

59,139

" Cresylic acid (crésol is’d:ﬁe'r"n'ﬁ'xture); CTH8O . .- e

13 1 9-77-3

95-48 7

107

lLoCresocigo -
Catechol (o-hydroxyphenol); C6H602

120-80-9

64

| Phqnol_, C6H60

108-95-2

66

1,2—,4—Trichlorobenzéne; C6H3CI3.

120821

182, 184

Il Nitrobenzene; C6HSNO2

98-95-3-

51,123°
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TABLE 3. REQUIRED BFB KEY IONS AND
10N ABUND

8 0 to 40. 0 Percent of_nﬂq 95 o

75 30.0 to 66.0 Percent of m/e 93 "

95 | Base Peak, 100 Percent Relative Abundance
96 |5.0t0 9.0 Percent of m/e 95 (See note) |

__173 | Less than 2.0 Percent of m/e 174 _ ) |
174 |500t0 1200 Percent of mfe 95 '

7 175 .. 14.0 to 9.0 Percent of m/e 174

176 ]93.0t0 101.0 Percent of m/e 174 o
_ .5;0‘!9,939,,?,61'(231‘11 of m/e 176 ' fl

'All ion abundances must be normalized to m/z 95, the
nominal base peak, even though the iofi abundance of m/z
174 may be up to 120 percent that of m/z 95.

N
N
e e e < ——e - —
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Method TO-15

Benzene

| Benzy] Chloride = =

| Carbon tetrachloride — 042 015 |
C_hibrobenzéne 0.34 0.02 "
Chloroform 0.25 0.07 |
1,3-Dichlorobenzene i 036 0.07 _
1 g -Dibromoethane - 0.05
1.4-Dichlorobenzene 0.70 0.12
1.2-Dichlorobenzene 0.44 =

i 1,1-Dichloroethane | 027 0.05

|| 12:Dichioroethane . _024 -1
1,1-Dichloroethene = 022__"
cis-1,2-Dichloroethene - 0.06
Methylene chloride 1.38 0.84
1.2-Dichloropropane 0.21 -
cis-1.3-Dichloropropene _0.36 =

|| trans-1,3-Dichloropropene {022 -

[Ethylbenzene — 027 0.05
Chloroethane 0.19 -
Tﬂch]é;oﬂ.\;ér(;mcfhane - =
1,1,2-Trichloro-1,2.2-rifluoroethane _ =

. 1,2-Dichloro-1,1,2,2-tetrafluoroethane - -
Dichlorodifluoromethane - =

|| Hexachlorobutadiene - _ -
Bromomethane 053 1. -
Chloromethane R 040 -
Styrene — _1.64 0.06 |
1,122 Tetrachloroethane __ 0.28 0.09
Te&échloroe@ixei 7 0.75 0.10
Toluene ' 0.99 0.20

~ LL:2.4-Trichlorobenzene - -

1,1,1- Trichloroethane 062 | . o2

1,1 2-Trichloroethane 050 | -
Trichloroethene =} 0.45 0.07
1,2,4-Trimethylbenzene . _ - -
113,5-Tﬁm¢thkxlbrenzcné - =
Vinyl Chloride 033 0.48

fimp-Xylene _ 0.76 0.08
oXylene 057 0.28
'Method Detection Limits (MDLs) are defined as the product of the standard
deviation of seven replicate.analyses and the student's "t” test value for 99%
confidence. For Lab #2, the MDLs represent an average over four studies.
MDLs are for MS/SCAN for Lab #1 and for MS/SIM for Lab #2.
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vOCs L  Method TO-15

TABLE 5. SUMMARY OF EPA DATA ON REPLICATE PRECISION (RP)
FROM EPA NETWORK OPERATIONS!
o

Dichlorodiflucromethane
Methylene chloride -
1,2-Dichloroethane 36.2 - 31
1,1,1-Trichloroéthane 14.1 44
" || Benzene ‘ 123 | - 56
{l Trichloroethene - 12.8 08
Toluene : ’ 14.7 76
Tetrachloroethene 36.2 12
Chlorobenzene . , - 203 21
Ethiylbenzene - 146 | 32
|| m-Xylene 14.7 75

~olbbn~iwoo o

RO OO |

1,3-Dichlorobenzene
|| L:4-Dichlorobenzene

o
(VRN

'Denotes the number of replicate or duplicate analysis used to generate the statistic. The replicate p‘rec‘ision is
defined as the mean ratio of absolute difference to the average value. ‘ o :
ZStyrene and o-xylene coelute from the GC column used in UATMP. For the TAMS entries, both values were

below dgtec:tion limits. for 18 0f' 47 replicates and were not included in the calculation.

TABLE 6. AUDIT ACCURACY (AA) VALUES' FOR SELECTED
_COMPENDIUM METHOD TO-14A COMPOUNDS -

4 A
:Ex& Eat. i b e SR G Bt 2

Vinyl chloride o 4.6
Bromomethane -
Trichloroflueromethane . 6.4
Methylene chloride - 8.6
{l Chloroform ' : o - S ) .
1,2-Dichloroethane . . ' 6.8 ' . 11.4
1,1,1-Trichloroethane 18.6 113
Benzerie 10.3 - 10.1
Carbon tetrachloride ' : 12.4 : 94
1,2-Dichloropropane : 2 6.2
Trichloroethene ‘ 8.8 5.2
1l Toluene ‘ . 83 12.5
Tetrachloroethene 6.2 | ' -
Chlorobenzene ‘ ] 10.5 , . 11.7
Ethylbenzene . 124 124
L 0-Xylene S o 16.2 21.2

"Audit accuracy is defined as th_e relative difference between the audit measurément result and its homjna]'valuc divided by
the nominal value. N denotes the number of audits averaged.to obtain the audit aceuracy valbe. Informiation is not available
for other TO-14A compounds because they were not present in the audit materials. ~
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VOCs

insuloted _E.nclosure. l‘ll Vocuum/Pressure
SRNPFIDS F I Gauge
Electronic
) Timeér
P—T '
Inlet - Manifold
e T q]: Volve
~1,6 Mf_t)ers - _ e -
oS it ]
~8 Metol Beliows 'ML
Type Pump
S for Pressurized (N -
€»> Sampling INHE~™ 71
] iy
( | [
: | |
l ! | Mognelotch
’ — — Voive. .
T
Ground’ Peceal
Level Mass Flow Meler .
: Valve |
Auiillicry =2
Vacuum e , :
Pumg . Moss Flow
. Conlrol Unit
fh_ermo_s‘d ’
O CD ) Conister .
Fon e
L T e e L 3 L o
To AC

Figure 1. Sampler configuration for subatmospheric pressure or pressurized canister sampling.
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. 100K
" TIMER m RED
SWITCH . 1
o— i
o—0o"" o 4ouid, 450 v DC
[+]] .
115 v AC Rz 100K
BLACK MAGNELATCH
\ O e | s
| . &2 { i< vaLE -
S\ 40utd, 450 V OC
PUMP .
WHITE

jtor C1 ond C2 ~ 40 ul. 450 VOC (Sprogue Mlom TVA 1712 or equivonent)

Cogo:-
Resister Ry ongd = 0.5 wolt, SX toleronce
mo;oa:"ltooom.z.sums«mauwmn

(0). Simple Circuit for Operating Mognelatch Volve

. . 01 .
‘ , _ RED
TER - , >
SWITCH . i
o—a " . - : C . 02 ' .
115 Vv AC ol ‘ o }1 - VALVE
. . - — - . + ,. . . - .. = . — .
’ GMD . - 7. ’m
4 . —_ . ey N c,
: — ) o ¢ WH"E
COMPONENTS Bo"ven

chﬂ«:lﬂ'ta-zwptWI.sA(RCASKJlOSweqmlmt) NON-POLAMZED
Oiode 01 and D2 ~ 1000 PRV, 2.5 A (RCA, SX 3097 or squivolent) i

Copocitor Gy - 200 wf. 250 VOC (Sprogue Atom TVA 1528 or squivalent)
Copocitor Cz ~ 20 Wi, 400 VOC Non—Polorized (Sprague Alom TVAN 1852 or equivalent)

Retoy = 10,000 ohm cod. )S mo (All Polter ond Brumfield, KCP 5. or aquivolent)
Resister Ry ond R2 - 0.5 wott. 5% {oleronce

(b). Improved Circuit Designed to Handle Power Interruptions

Figure 2. Electrical pulse circuits for dnvmg Skinner magnelatch solenmd valve with
mechanical timer.
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':- Meoted Enclasure . -]_.
l . o
} Inlgt Monifold
1§ SR | Auxitliory
- b T ¢ | Vocuum
I I Pump
intet I L
2 Vacuum /Pressure |
! ‘ Gouge \ ]
{ - /)
~1,6 { Va 1
Maters _Prassura _ |
~5m |- Gouge : = |
| : N
I Mechanical |
Flow 6w o) l
I Regulstor : i
| I Yent
! B
I .
I
|
l

I Magnelateh
| Vaive 1.
i JIrh
| —l 4 Valv
| Blectranic = y
, v Timer b
I ' =N
| . l
I - ‘ I
i i
) 1. |
i Thermostat e Conister ]
| [T | |
sl | I !
| ‘ |
| _ I
' . |
I v L. . . '
| Heater !
1= !
| Fon . ' ) :
. . A
R S R [ R J

To AT

Figure 3. Altemative sampler configuration for pressurized canister sampling.
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STAGE 1: SAMPLE TRANSFER TO THE PRECONCENTRATION TRAP

ADSORBENT TRAP
——ORBENT TUBE % AT NEAR AMBIENT
Y e ' TEMPERATURE _ *
, ' SAMPLE GAS ‘ |
Ny GAS IN
AIR SAMPLE IN .
STAGE 2: DRY PURGING
DRY HELIUM _ ADSORBENT TRAP
PURGEGAS o C AMBIENT |
TEMPERATURE |
" PURGE GAS Y
PLUSWATER ARRIER .
| _ , | GAS IN

CARRIER GAS IN—
ADSORBENT TRAP ,

(HOT)

-Figure 4. Illustration of three stages of dry purging of adsorbent trap.
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Figure 5. Residual water vapor an VOC concentrator vs. dry He purge volume.
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U

Electron
Muttiptier

’/r: fon .

GC - Source/
Cofumn Filament -
Etfluent

Figure 6. Simplified diagram of a quadrupole inass spectrometer.

Filament
1 End Cap
Fundamental Ring SUpplemeht»aryr
f Voltage Electrode rf Voltage
Column ' End Cap
Effluent _ :
N
Electron Multiplier
Figure 7. Simplified diagram of an ion trap mass spectrometer.
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pS-1 3ded

' . ‘ (o) Real Time:

GC—~FID-ECO=RID
or GC~MS -
Calibration Gas " ' " Vocuum/Pressure
Cyli Mo ! . :
.Cy inder Co?troll::v Internol Teflon Gouge .

~{0~50 mi/min) - Baffles ) Filter ‘

’ _
- Ihl —

; : Pump
Zero Air Moss Flow. f
Cylinder _Controller L

(0=50 L/min) -

(b) Evocuated or Pressurized
Caonister Sompling. System

500 mL i X . Stondard
Round—Bottom
Flask

Humidifier

Figure 8. Schematic diagram of calibration system and manifold for ,
(a) analytical system calibration, (b) testing canister sampling system and (c) preparing canister transfer standards.

Flow
Control

i 1
Heated Calibrotion Manifold . |
{
1 ‘ | l Tefion ’ ‘
1 Fliter Shut Off
I » T Volve
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(c) Canister Transfer
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VOCs
COMPENDIUM METHOD TO-15
: CANISTER SAMPLING FIELD TEST DATA SHEET
A.GENERAL INFORMATION . :
SITE LOCATION: SHIPPINGDATE: _____
SITE ADDRESS: CANISTER SERIAL NO.: ___
_ v ; SAMPLER ID: __
SAMPLING DATE: i OPERATOR: '
CANISTER LEAK
CHECK DATE: _

B. SAMPLING INFORMATION

TEMPERATURE |

PRESSURE

|INTERIOR | AMBIENT

MAXIMUM

START

STOP

SAMPLING TIMES

FLOW RATES

CANISTER PRESSURE

LOCAL TIME

ELAPSED TIME
'~ METER READING

MANIFOLD -
FLOW RATE

CANISTER
FLOW RATE

FLOW
CONTROLLER
READQUT

START

STOP

SAMPLING SYSTEM CERTIFICATION DATE;
QUARTERLY RECERTIFICATION DATE:

C. LABORATORY INFORMATION

DATA RECEIVED:

RECEIVED BY:

INITIAL PRESSURE:

FINAL PRESSURE:

DILUTION FACTOR:

ANALYSIS
GC-FID-ECD DATE:

GC-MSD-SCAN DATE:

GC-MSD-SIM DATE:
RESULTS*: ____.

GC-FID-ECD:

. GC-MSD-SCAN:

GC-MSD-SIM: _

SIGNATURE/TITLE

Figure 9. Canister sampling field test data sheet (FTDS).
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Vacuurn Pump
Shut Off Voive

Off Volve

| Pressure
Supply | Regulator

Vacuum

~ Shut Off

Valve

3-Porl
Vent Gas
Volve ) Valve

Exhaust 4——-%

Vent
Volve

(Liquid Argon)

Pressure
Gouge

Vocuum
Gouge

Prejsstiré
Reguiator

4

Check Volve

Exhoust

. Vent Shut

otf Votve | Trop -
Cryagenic
Déewor Trap Caoler
Flosk (Liquid Argon)
/ ’ Humidifier
Trop
Cryogenic
Trop Cooler

Zero
Shut Off
Volve.

Flow
1 Control
Vaoive

Exhaust % =

Venl
Shut Off
Valve

_Fe——— Monifold

-1
1
| = Optional
isothermel
| Oven

Figure 10. Canister cleaning system.
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Pressure
Regulator
Mass Flow Carrier
Controlier Gas
Ma_s's Eiow
Vent
Water Management
System and :
, Main Preconcenitrator — - ‘
ptona ko)
Pressure Vent
Gauge (Excess) Cryogenic
Mass Flow - Trapping Unit
' Controller :
b QV-1 Capillaty Column
————ed (0.32 mm x 50 m)
Tea
-[ Sample connection
= Pressge - - Low Dead-_v,olu'me
Reguldtors  G@as ' r - Tee (Optional)
Purifiers I . | .
] I T aial ity m._
/E\ e o B | Flame lonization . : i 1§ Flow Restrictor
S e I St T A L 11 (optionah
P .. |
Mass Spectrometer
in SCAN or SIM Mode

Air

Figure 11. Canister analysis utilizing GC/MS/SCAN/SIM analytical system with optional flame ionization detector with
6-port chromatographic valve in the sample desorption mode.
[Alternative analytical system illustrated in Figure 16.]
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™E —P

(0). Certified Sompler

'l

TME —>

(b). Contominated Sampler

Figure 12. Example of humid zero air test results for a clean sample canister
. (a) and a contaminated sample canister (b).
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SAMPLE

SAMPLE
30 ec/min

VACUUM
- PUMP

PRECONCENTRATOR} = . l . I
(-1600 C) - GC/MS

—
| N N CRYOTRAP &——=
' . \ /_J - .
- ON/QFF
VALVES - —
.CARRIER — -
GAS
0.25 cc
LOOP
| VENT ~e— , ,
i INSULATED INTERNAL STANDARD
VALVE BOX (45 + 2° C)
)
FLOW K 5 P
— CONT. 1.5 ce/min
INT. STD. '
Figure 13. Diagram of desigﬁ for intemal standard addition.
January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-59




Method TO-15 ‘ _ _ VOCs

2-WAY VALVE
CLASS o NITROGEN
SPARGING
VESSEL

Figure 14. Water method of standard prepa_ré_tion in canisters.
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!
Exhaust
A
Jumidifi - 4 \
Humid er K. : < l:l '_»! l: — Q
, ' Calibration Manlfold:
_Calibration  Zero Air o
| Gas Cylinder Cylinder v v "
T = Thermocouple ‘ (@) 1.1 . ¥
F =Zero Dead Vol. Fit. FC-3 S
_ e — .1 | ,
i ~ FC = Flow Controller e @"‘ Qggn -~
* 8 =Solenoid Valve -
To
Canister o Pump
| H'Vated Enclosure “. i T Oﬂ-ﬂ A
! e : il
; . VR Ll oy
Heater =
: ~ Lines
] _To From
Auto. Temp. He Tank -
g Control ) '
o frows P o | O]
. Column ) Oven — -
Figure 15. Diagram of the GC/MS analytical system.
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